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Chemical  studies  of  the  liver  in  true  acute  yellow  atrophy  are 
extremely  few  in  number;  of  these  but  one  or  two  have  been  made 
since  the  studies  of  Kossel  and  Fischer  furnished  improved  methods 
for  the  isolation  of  monamino  and  diamino  acids,  and  in  no  instance 
has  a  thorough  study  of  the  entire  composition  of  the  liver  been 
made.  Idiopathic  acute  yellow  atrophy  offers  us  the  most  striking 
example  of  intra-vitam  autolysis  of  tissues  that  occurs  in  human 
pathology,  excelling  even  pneumonia  in  interest  because  in  the  latter 
it  is  merely  an  inflammatory  exudate  that  is  digested,  whereas  in 
acute  yellow  atrophy  the  liver  tissue  itself  is  destroyed,  and  often 
as  much  as  three  quarters  of  the  entire  parenchyma  is  removed  by 
autolysis  within  a  few  days.  Hence  we  should  expect  to  find  the 
liver  showing  many  interesting  chemical  changes,  especially  in 
regard  to  the  products  of  the  autolytic  process.  But  scanty  infor¬ 
mation  on  this  subject  is  as  yet  available.  Many  years  ago  Frerichs 
first  detected  leucin  and  tyrosin  in  the  liver  in  such  cases,  by  micro¬ 
scopic  means,  and  later  observers  have  isolated  these  substances 
from  extracts  of  the  liver.  The  only  instance  found  in  which 
modern  methods  have  been  used  is  in  the  report  by  A.  E.  Taylor.^ 
This  author  was  able  to  detect  no  free  arginin,  histidin  or  lysin 
by  the  method  of  Kossel  and  Kutscher;  but  by  Fischer’s  ester 
method  he  obtained  and  identified  0.35  gram  of  leucin  and  0.612 
gram  of  aspartic  acid.  Tyrosin  was  not  isolated.  The  same 
author  studied  an  instance  of  the  rather  similar  form  of  hepatic 
atrophy  that  is  occasionally  observed  as  a  sequel  of  chloroform 
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anesthesia,  and  found  in  the  liver  4  grams  of  leucin,  2.2  grams  of 
tyrosin,  and  2.3  grams  of  arginin  nitrate. 

Sootbeer^  has  reported  a  case  of  supposed  acute  yellow  atrophy 
in  which  a  small  piece  of  liver  tissue  was  examined  for  amino  acids 
with  negative  results.  Beebe^  investigated  two  livers,  said  to  be 
examples  of  acute  yellow  atrophy,  for  their  pentose  content,  but 
found  no  decided  alteration;  if  anything  the  amount  of  pentose 
was  somewhat  larger  than  usual.  Heffter^  found  the  amount  of 
lecithin  decreased  in  two  livers  which  he  calls,  without  description, 
acute  yellow  atrophy;  but  it  is  evident  from  his  analytical  figures 
of  the  water  and  fat  content  that  he  was  dealing  with  some  other 
condition.  Peris  and  v.  Starck®  found  the  proportion  of  water 
greatly  increased  in  the  liver  of  acute  yellow  atrophy,  a  finding 
corroborated  by  Taylor  and  others.  They  also  found  the  propor¬ 
tion  of  fat  quite  similar  to  that  of  the  normal  liver,  ranging  in 
their  cases  from  4.2  to  8.7  per  cent,  of  the  weight  of  the  fresh 
liver,  in  marked  contrast  to  the  25  to  30  per  cent,  found  in  fatty 
livers.  Beyond  these  few  reports  there  seem  to  be  no  analyses 
recorded  in  the  available  literature. 

Having  the  fortune  to  obtain  an  autopsy  a  few  hours  after  the 
death  of  a  patient  with  a  typical  case  of  this  rare  disease,  thus 
obtaining  the  entire  liver  in  a  very  fresh  condition,  it  seemed  de¬ 
sirable  to  study  the  material  at  my  disposal  in  as  thorough  and 
systematic  a  manner  as  possible.  The  case  from  which  the  mate¬ 
rial  came  was  a  very  typical  one,  of  so-called  idiopathic  acute 
yellow  atrophy,  and  the  anatomical  features  have  already  been 
described  elsewhere.®  Briefly,  the  chief  features  were  the  following : 

A  young  man,  aged  20  years,  was  taken  slightly  sick  without  evident  cause, 
the  first  symptom  being  jaundice.  He  gradually  grew  weaker,  and  after  a 
week  became  bedridden.  After  about  four  weeks  he  became  unconscious, 
the  jaundice  deepened,  delirium  set  in,  the  area  of  liver  dullness  decreased,  and 
there  was  tenderness  in  the  region  of  the  liver.  Death  occurred  six  weeks  after 
the  onset  of  the  illness,  and  two  weeks  after  the  illness  had  become  severe. 
Autopsy  was  performed  three  and  one-half  hours  after  death,  and  the  chief 
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changes  were  in  the  liver,  which  weighed  but  970  grams.  The  description  of 
the  liver  follows: 

The  surface  of  the  left  lobe  and  the  margin  of  the  right  lobe  are  decidedly 
wrinkled,  while  the  upper  part  of  the  right  lobe  is  not  shrunken  and  appears 
much  firmer.  The  left  lobe  and  the  margin  of  the  right  may  be  doubled  on 
themselves.  On  section,  the  lobules  of  the  shrunken  portion  are  seen  to  be  much 
smaller  than  normal,  while  the  lobules  of  the  remainder  of  the  liver  tissue  are 
enlarged.  The  left  lobe  is  of  uniform  consistence,  and  is  more  pliable  but  not 
softer  than  normal  liver.  The  margin  of  the  right  lobe  is  the  same  except  that 
scattered  through  it  can  be  felt  pea-sized  nodules,  some  of  which  can  be  seen 
protruding  on  the  surface.  These  nodules  are  most  abundant  at  the  junction  of 
the  atrophied  and  large  portions  of  the  liver ;  in  the  upper  part  of  the  liver  these 
nodules  can  not  be  felt.  The  cut  surface  of  the  atrophic  portion  is  of  a  brownish- 
red  color,  becoming  lighter  yellow  in  the  enlarged  portions.  The  lobules  of  the 
large  part  are  enlarged,  yellow  in  color,  the  centers  being  darker  that  the  periph¬ 
ery  and  the  cut  surface  is  irregular.  The  bile  ducts  are  not  distended.  In  the 
atrophied  portion  the  lobules  are  very  small  and  of  normal  color.  The  small 
nodules  described  above  on  section  correspond  to  islands  of  yellow  tissue  lying 
in  the  red.  The  lymph  glands  at  the  hilum  are  enlarged,  brownish  at  the  center 
and  pale  at  the  periphery.  The  gall  bladder  is  not  enlarged  and  is  of  normal 
size.  It  concains  a  very  thick  green-black  bile.  No  concretions  are  demonstrable. 
The  mucous  membrane  appears  normal.  Bile  ducts  are  all  patent. 

Microscopically  the  usual  changes  of  acute  yellow  atrophy  are  present.  In 
the  yellow  areas  the  parenchyma  cells  are  swollen,  stain  poorly,  and  in  the  center 
of  the  lobule  have  disappeared  to  a  considerable  extent;  the  bile  vessels  and 
periportal  connective  tissues  have  begun  to  proliferate.  In  the  red  areas  the 
liver  cells  have  entirely  disappeared,  leaving  the  very  small  lobules  composed 
entirely  of  the  original  stroma  and  capillaries,  and  proliferating  cells  coming 
from  the  bile  ducts  about  their  periphery.  When  stained  with  Sudan  III  the 
absence  of  fatty  changes  is  striking,  only  a  few  of  the  most  atrophied  liver  cells 
containing  a  few  minute  fat  droplets. 

Description  of  Analysis. 

Immediately  after  the  autopsy,  700  grams  of  the  liver,  chosen  in  such  a  man¬ 
ner  as  to  represent  fairly  all  the  different  portions  of  the  liver  in  proper  propor¬ 
tions,  was  taken  for  analysis.  It  was  cut  up  into  thin  slices  and  placed  in  strong 
alcohol,  sealed,  and  kept  in  a  dark  place  until  the  analysis  could  be  undertaken. 
One  sample  was  dried  to  constant  weight,  and  the  amount  of  water  present  was 
determined  by  difference;  it  was  found  to  amount  to  83.8  per  cent.,  there  being 
16.2  per  cent,  of  solids. 

The  alcohol-hardened  tissue  was  cut  into  fine  pieces,  and  extracted  repeatedly 
with  boiling  95  per  cent,  alcohol  under  a  reflux  condensor,  all  extracts  being  com¬ 
bined.  It  was  then  ground  fine  in  a  mill,  and  extracted  several  times  more; 
this  process  of  grinding  and  extracting  being  repeated  four  times.  Finally  the 
material  was  extracted  in  a  Soxhlet  apparatus,  jacketed  so  that  the  temperature 
was  kept  near  the  boiling  point  of  alcohol,  until  the  extracts  were  colorless.  The 
residue  was  then  dried,  and  extracted  repeatedly  with  ether  and  ligroin  until 
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nothing  more  was  dissolved  out;  all  the  extracts  being  united,  and  evaporated 
to  dryness  in  vacuo,  at  a  temperature  under  45°. 

The  extracted  liver  tissue  was  now  repeatedly  extracted  with  water  at  room 
temperature,  with  much  shaking;  and  then  with  water  at  60°.  These  extracts 
were  united  and  reduced  to  one  liter,  and  analysis  of  a  small  fraction  showed 
that  they  contained  in  all  1.94  grams  of  nitrogen.  They  gave  a  faint  biuret  reac¬ 
tion.  Only  traces  of  ammonia  (less  than  20  milligrams)  could  be  detected  by 
Folin’s  method. 

For  the  next  extraction  of  the  liver  tissue,  boiling  water  was  used,  and  the 
extraction  continued  until  the  extracts  were  nearly  colorless.  They  were  con¬ 
centrated  to  700  cubic  centimeters,  and,  on  cooling,  the  solution  gelatinized.  The 
nitrogen  content  was  1.835  grams  and  the  solution  gave  Millon’s  reaction,  but  not 
the  tryptophan  reaction,  being  apparently  nearly  pure  gelatin.  As  gelatin  con¬ 
tains  about  18  per  cent,  of  nitrogen  there  were,  therefore,  in  700  grams  of  liver 
tissue  approximately  10  grams  of  gelatigenous  substance,  and  in  the  entire  liver 
13.8  grams;  this  constituted  about  8.8  per  cent,  of  the  entire  dry  weight  of  the 
liver  substance. 

Composition  of  the  Insoluble  Residue. — After  all  extractions  had  been  com¬ 
pleted  the  residue  was  dried  to  constant  weight,  and  analyzed.  Total  nitrogen 
was  determined  by  the  Kjeldahl  method  and  found  to  be  15.6  per  cent.,  indicating 
that  the  residue  was  very  nearly  pure  protein.  The  distribution  of  this  nitrogen 
in  the  form  of  monamino,  diamino  and  amid  nitrogen  w’as  determined  according 
to  the  Hausmann  method,  as  used  by  Osborne  and  Harris,'  with  the  following 
results : 


Sample. 

A 

B 

Ave. 

Amid  nitrogen. 

0.82 

0.90 

0.86 

Melanoid  nitrogen. 

0.48 

0.40 

0.44 

Diamino*  “ 

4.15 

1  4.  II 

4.13 

Monamino**“ 

10. 10 

'  10.25 

10.18 

Total 

IS-SS 

1  15.66 

15.61 

*  This  fraction  also  contains  part  of  the  purin  nitrogen. 

*  *  The  monamino  nitrogen  was  determined  directly  in  an  aliquot  part  of  the 
filtrate,  rather  than  by  difference  as  is  usually  done.  The  large  amount  of  phos- 
photungstic  acid  does  not  prevent  successful  combustion  if  sufficient  sulphuric 
acid  and  time  are  used. 

In  view  of  Wakeman’s*  observation  that  in  phosphorus  poisoning  of  dogs 
the  arginin  of  the  liver  seems  to  decrease  more  rapidly  than  the  other  diamino 
acids,  it  was  attempted  to  determine  the  relative  proportions  of  the  diamino 
acids  in  the  insoluble  proteins  of  this  specimen.  The  method  of  Kossel  and 
Kutscher  was  followed.  35.9  grams  of  the  extracted  residue  was  hydrolyzed 
fourteen  hours  with  sulphuric  acid,  and  the  determination  of  histidin  made  in 
the  usual  manner.  There  was  found,  in  an  aliquot  part  of  the  histidin  precipi- 

'  Jour,  of  Amer.  Client.  Soc.,  1903,  xxv,  323. 
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tate,  nitrogen  to  the  proportion  of  0.540  gram,  which  corresponds  to  2.05  grams 
of  histidin.  Unfortunately,  the  filtrate  from  the  histidin,  which  contained  the 
arginin  and  lysin,  was  lost  through  the  breaking  of  a  beaker,  so  the  amount  of 
these  two  substances  cannot  be  determined.  As  the  original  material  contained 
4.13  per  cent,  of  nitrogen  precipitable  by  phosphotungstic  acid,  there  was  left  as 
nitrogen  in  the  solution  not  over  0.9  gram  of  nitrogen  as  lysin  and  arginin. 
If  human  liver  protein  has  the  same  composition  as  dog  liver  protein  the  pro¬ 
portion  of  histidin  found  is  relatively  high  in  this  specimen,  indicating  a  low 
proportion  of  arginin  or  of  lysin,  or  both. 

A  portion  of  this  residue  was  also  analyzed  for  sulphur,  phosphorus,  iron  and 
ash,  with  the  following  percentage  results : 


I. 

II. 

Ave. 

Sulphur. 

0. 80 

0.84 

0.82 

Phosphorus. 

0.51 

0.49 

i  0-50 

Iron. 

1-33 

1. 12 

1.22 

Ash. 

2.0 

1.8 

1  1-9 

Fats  and  Lipoids. — All  the  extracts  with  alcohol,  ether,  and  ligroin  were 
united,  and  evaporated  to  dryness  in  vacuo  at  a  temperature  below  45.°  (In  the 
distillate  there  was  always  a  minute  amount  of  a  yellow,  gummy  substance,  the 
nature  of  which  was  not  determined.)  The  residue  was  thoroughly  extracted 
with  ether,  and  then  with  ligroin,  and  the  extracted  material,  which  constituted 
but  a  small  part  of  the  entire  residue,  was  freed  from  ether  and  ligroin.  The 
ether-soluble  material  weighed  17.2  grams,  had  a  decidedly  acid  reaction,  and 
the  odor  suggested  the  presence  of  a  trace  of  acetic  acid.  It  was  dissolved  in 
alcohol  and  the  free  acids  neutralized  with  one-tenth  normal  sodium  hydroxide 
solution,  of  which  35.2  cubic  centimeters  were  required,  indicating  the  presence 
of  0.92  gram  of  free  fatty  acids  reckoned  as  oleic  acid.  The  material  was  dried 
down  with  a  large  volume  of  sand,  and  extracted  with  ether,  leaving  the  salts 
of  the  free  fatty  acids  in  the  sand.  The  ether  extract  showed  a  yellowish  green 
fluorescence,  and  examined  spectroscopically  showed  the  absorption  bands  of 
urobilin.  The  ether  extract  was  reduced  to  100  cubic  centimeters  and  20  cubic 
centimeters  were  taken  for  analysis  for  phosphorus,  to  determine  the  proportion 
of  lecithin.  The  amount  of  phosphorus  found  in  this  fraction  was  0.0236  gram, 
indicating  the  presence  of  3.1  grams  of  lecithin  in  the  entire  material,  assuming 
that  lecithin  contains  3.8  per  cent,  of  phosphorus.  This  corresponds  to  a  total 
of  4.4  grams  in  the  entire  liver,  or  0.45  per  cent,  of  its  fresh  weight,  and  17.6  per 
cent,  of  all  the  ether-soluble  material. 

The  lecithin  was  removed  by  precipitating  with  four  volumes  of  acetone,  and 
the  process  repeated.  The  total  weight  of  the  solid  material  left  after  removing 
the  lecithin,  allowing  for  the  fraction  taken  for  determination  of  phosphonis, 
was  14.0  grams,  and  consisted,  presumably,  of  neutral  fats  and  cholesterin.  The 
cholestcrin  was  determined  by  Ritter’s  method,  after  saponifying  the  fats  with 
sodium  alcoholate,  drying  out  in  a  large  volume  of  salt,  and  extracting  with  ether. 
A  small  amount  of  sodium  alcoholate  carried  out  by  the  ether,  and  also  traces 
of  glycerin,  were  removed  by  shaking  out  with  water,  and  the  cholesterin  ob- 
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tained  in  a  very  pure  condition  by  crystallizing  out  of  hot  alcohol.  The  quantity 
obtained  was  1.904  grams,  which  corresponded  to  2.38  grams  in  the  entire  ma¬ 
terial  analyzed,  or  2.05  per  cent,  of  the  dry  weight.  The  free  fats,  estimated  by 
difference  after  removing  the  cholesterin,  weighed  11.62  grams,  corresponding 
to  16.2  grams  in  the  entire  liver,  or  10.3  per  cent,  of  the  entire  dry  weight. 

Free  Volatile  Fatty  Acids  were  sought  in  the  soaps  obtained  on  neutralizing 
the  original  ethereal  extract,  by  distilling  in  acid  solution,  and  collecting  the  dis¬ 
tillate  in  tenth-normal  sodium  hydroxide.  But  i.i  cubic  centimeters  of  the  alka¬ 
line  solution  was  neutralized,  indicating  the  presence  of  mere  traces  of  volatile 
acids.  The  free  higher  fatty  acids  were  isolated  by  cooling  the  hot  acidified 
aqueous  solution;  in  this  way  0.9  grams  of  free  fatty  acids  were  obtained. 
Lactic  acid  was  sought  in  the  filtrate,  but  no  crystallizable  zinc  salt  could  be 
obtained. 

The  amount  of  fat  held  in  the  tissue  in  a  form  not  available  to  extraction  by 
alcohol  and  ether  was  determined  by  digesting  five  grams  of  the  extracted 
residue  with  pepsin-hydrochloric-acid  mixture,  and  the  material  thus  obtained, 
after  desiccation,  was  extracted  with  ether.  Only  ii  milligrams  of  ether-soluble 
material  was  extracted,  indicating  that  at  the  most  not  over  0.3  per  cent,  of  the 
total  dry  weight  of  the  liver  tissue  was  combined  fat  not  removable  by  prolonged 
alcohol  extraction. 

Soluble,  N on-coagulable  Proteins. — These  were  studied  in  the  hot  and  cold 
water  extracts.  As  before  mentioned,  the  hot  water  extract  seemed  to  consist 
solely  of  gelatin,  and  contained  1.835  grams  of  nitrogen,  corresponding  to  about 
10  grams  of  gelatin.  The  cold  water  extract  and  the  extract  at  60°  C.  contained  but 
a  minute  quantity  of  gelatin,  gave  the  biuret  reaction,  and  contained  1.94  grams  of 
nitrogen.  These  extracts  were  separately  evaporated  to  a  small  bulk  and  let 
stand  in  the  cold,  but  no  crystallization  occurred.  They  were  therefore  united, 
evaporated  to  a  thick  syrup,  and  slowly  poured  into  a  large  volume  of  95  per 
cent,  alcohol,  to  precipitate  the  proteids.  The  alcoholic  solution  was  separated 
by  filtration,  and  the  proteins  redissolved  and  reprecipitated  four  times.  The 
alcoholic  filtrates  w^ere  united,  evaporated  to  dryness,  dissolved  in  water,  and 
slowly  concentrated  after  decolorization  with  animal  charcoal.  A  small  quan¬ 
tity  of  typical  tyrosin  crystals  appeared,  which  gave  the  usual  tests  for  that 
substance  and  weighed  0.25  gram.  From  the  tyrosin  filtrate  a  small  amount 
of  material  with  a  sour  flavor,  resembling  meat  extract,  crystallized  out  and 
this  was  added  to  the  original  alcohol  extracts  for  study  later,  as  was  also  the 
mother  liquor. 

The  proteins  precipitated  by  alcohol  were  dissolved  in  hot  water,  cooled,  and 
let  dialyze  in  a  collodion  sac  for  six  days  in  the  cold  (with  thymol,  toluol  and 
chloroform)  against  distilled  water,  which  was  frequently  changed.  The  dif- 
fusate  was  concentrated,  and  found  to  contain  but  a  small  quantity  of  material, 
which  reacted  positively  to  the  biuret,  Millon’s  and  tryptophan  tests.  The  di- 
alysate  solidified  into  a  jelly-like  cake  inside  the  dialyzing  bag,  and  gave  the 
Millon’s  but  not  the  tryptophan  test.  These  two  solutions,  containing  respect¬ 
ively  diffusible  and  non-diffusible  proteins,  were  examined  for  their  contents  in 
proteins,  proteoses  and  peptones,  and  non-protein  nitrogen,  according  to  the 
method  of  Bigelow  and  Cook.* 

*Jour.  of  Amer.  Chem.  Soc.,  1906,  xxviii,  1485. 
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The  diffusate  was  concentrated,  made  up  to  150  cubic  centimeters,  and  divided 
into  three  fractions  of  50  cubic  centimeters  each. 

Fraction  I  analyzed  for  total  nitrogen,  gave  0.144  gram,  or  0.432  gram 
for  the  entire  material. 

Fraction  II  was  made  slightly  acid  with  sulphuric  acid.  Zinc  sulphate  was 
added  to  saturation;  the  solution  was  let  stand  over  night,  filtered;  the  filtrate  was 
washed  with  saturated  zinc  sulphate  solution,  and  the  proteose  nitrogen  in  the 
precipitate  was  determined.  I  found  0.015  gram,  corresponding  to  about  0.27 
gram  of  proteoses  in  the  entire  diffusate. 

Fraction  III  15  grams  of  salt  and  30  cubic  centimeters  of  a  saturated  tannic 
acid  solution  (containing  i  milligram  of  nitrogen  in  blank)  were  added  at  a 
temperature  below  15°.  The  solution  was  made  up  to  100  cubic  centimeters  and 
let  stand  over  night  in  the  cold.  50  cubic  centimeters  were  filtered  off  and  the 
nitrogen  in  this  fraction,  which  contained  extractives,  ammonia  compounds,  and 
possibly  amino  acids,  determined.  0.0441  gram  nitrogen,  or  0.264  gram  in  the 
entire  solution,  was  found  as  non-protein  nitrogen.  In  the  tannic  acid  precipitate 
there  was,  therefore,  by  difference,  0.122  gram  of  nitrogen  in  the  form  of  peptones. 

The  dialysate  was  analyzed  in  the  same  way,  but  equal  amounts  of  nitrogen 
were  obtained  in  both  the  zinc  sulphate  precipitate  and  the  total  nitrogen  frac¬ 
tion,  indicating  the  total  absence  of  peptones  and  non-protein  nitrogenous 
substances. 

Amino  Acids. — These  were  contained  chiefly  in  the  portion  of  the  alcohol 
extracts  that  was  insoluble  in  ether.  This  material  was  dissolved  in  hot 
water,  and  nitrogen  determined  in  a  sample.  The  result  indicated  the  presence 
of  4.69  grams  of  nitrogen  in  this  fraction,  which  was  then  studied  according  to 
the  method  followed  by  Schumm’®  in  his  study  of  autolysis  in  leukemic  spleens, 
certain  modifications  being  introduced  as  indicated  during  the  work.  As 
Schumm  has  detailed  his  methods  quite  fully,  it  does  not  seem  necessary  to 
repeat  the  description  in  this  place.  Determination  of  the  nitrogen  in  the  filtrate 
of  the  phosphotungstic  acid  precipitate  showed  a  total  of  1.541  grams  in  forms 
precipitable  by  this  reagent,  which  were  presumably  diamino  acids  and  purins; 
while  3.148  grams  nitrogen  was  presumably  in  the  form  of  monamino  acids, 
ammonia  compounds,  and  simple  extractives. 

The  following  substances  were  isolated  from  the  phosphotungstic  precipitate; 

I.  Free  purins,  the  total  quantity  containing  0.069  gram  of  nitrogen ;  both 
xanthin  and  hypoxanthin  were  isolated  in  characteristic  forms  (hypoxanthin 
silver  nitrate,  xanthin  silver),  but  no  guanin  or  adenin  seemed  to  be  present. 
Quantitative  estimation  of  the  purins  was  not  attempted  because  of  the  minute 
quantity  of  each  present,  but  the  hypoxanthin  was  considerably  the  more  abun¬ 
dant  of  the  two. 

II.  Diamino  Acids. — Histidin  was  present  to  the  amount  of  0.64  gram,  and  lysin 
amounting  to  1.04  grams,  as  estimated  from  the  amount  of  nitrogen  contained 
in  the  fractions  in  which  they  were  present.  The  lysin  was  isolated  as  the 
picrate,  and  identified  by  its  crystalline  form.  Arginin  could  not  be  isolated,  and 
a  determination  of  nitrogen  in  the  fraction  in  which  it  should  have  been  precipi¬ 
tated  showed  only  traces  of  nitrogen. 

Hofmeister^s  Beitrdge,  1906,  vii,  175. 
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Monamino  Acids. — For  the  isolation  of  the  monamino  acids  there  was 
available  the  filtrate  from  the  phosphotungstic  acid  precipitate  of  the  original 
alcoholic  extract,  and  also  the  non-protein  portion  of  the  aqueous  extracts  which 
had  already  yielded  0.25  gram  of  tyrosin.  After  removal  of  the  phosphotungstic 
acid  with  barium  hydroxide  in  the  usual  manner  the  two  solutions  were  united, 
and  the  amino  acids  first  sought  by  simple  fractional  crystallization.  By  this 
means  0.45  gram  more  of  tyrosin  was  obtained.  This  was  identified  by  means 
of  its  typical  appearance  when  crystallizing  out,  its  insolubility  in  glacial  acetic 
acid,  by  which  it  was  purified,  and  by  the  intense  Millon’s  reaction. 

Similarly  by  fractional  crystallization  4.16  grams  of  approximately  pure  leucin 
was  obtained  from  several  fractions,  which,  when  purified,  had  a  decomposition 
point  of  291°.  The  copper  salt  formed  from  this  had  the  typical  appearance  of 
the  copper  salt  of  leucin,  and  contained  19.8  per  cent,  of  copper,  the  theoretical 
content  of  this  salt  being  19.6  per  cent.  Nitrogen  in  the  purified  product  was 
found  to  be  10.85  per  cent.,  the  theoretical  amount  for  leucin  being  10.69  per 
cent.  It  is  possible  that  a  certain  amount  of  amino-valerianic  acid  may  have 
been  mixed  with  the  leucin,  but  it  was  not  attempted  to  make  a  separation 
because  of  the  small  amount  of  material. 

About  two  grams  of  other  material  also  came  out  on  further  concentration, 
which  seemed  to  consist  largely  of  bile  salts;  it  also  gave  Jaffe’s  reaction  for 
creatinin,  but  the  amount  was  not  quantitatively  determined. 

The  solution  was  then  saturated  in  the  cold  with  hydrochloric  acid  gas,  and 
a  small  amount  of  typical  glutaminic  acid  hydrochloride  was  obtained;  this  was 
united  with  that  obtained  later  by  the  ester  method,  and  the  combined  products 
purified  and  studied  together. 

The  solution  left  after  these  various  crystallizations  was  then  esterified  three 
times  after  the  method  of  Emil  Fischer,  and  the  esters  were  set  free  and  frac¬ 
tionated  in  the  usual  manner.  The  following  fractions  were  obtained : 


Temperature. 

Pressure.  j 

Weight  of  Ester. 

I 

to  65° 

10  mm. 

I  gram. 

2 

65-100 

10 

2-5 

3* 

I00-I20 

1-6 

I 

4 

120- 190 

4-6 

I 

5 

Residue. 

— 

3-5 

*  Fractions  3  and  4  were  obtained  by  the  use  of  the  mercury  pump.  As  no 
liquid  air  condensation  was  used  the  gases  formed  by  decomposition  at  the  higher 
temperatures  prevented  a  successful  evacuation,  so  that  pressures  less  than  4  mm. 
could  not  be  obtained. 

The  esters  were  hydrolyzed  in  the  usual  way,  and  the  amino  acids  separated 
by  fractional  crystallization. 

From  Fraction  i  was  obtained  0.2  gram  of  a  white,  crystalline  material,  sweet¬ 
tasting,  with  a  melting  point  of  240°,  and  containing  18.48  per  cent,  of  nitrogen — 
calculated  for  glycocoll,  18.67  per  cent. 

From  Fraction  2  was  obtained,  by  precipitation  from  hot  aqueous  solution 
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with  alcohol,  0.3  gram  of  while,  rhombic  crystals,  with  a  melting  point  of  274®, 
a  sweetish  taste,  and  containing  15.60  per  cent,  of  nitrogen — calculated  for 
alanhi,  1573  per  cent.  The  alcoholic  filtrate  from  the  alanin  contained,  when 
evaporated,  a  yellowish,  non-crystalline  residue,  with  the  odor  characteristic  of 
pyrollidin  carbonic  acid.  A  copper  salt  was  readily  formed,  which  was  entirely 
soluble  in  absolute  alcohol ;  this  salt  weighed  0.475  gram,  corresponding  to  0.354 
gram  of  prolin.  The  dehydrated  salt  (dried  at  115°  until  of  constant  weight) 
yielded  2^.03  per  cent,  of  copper;  calculation  for  the  copper  salt  of  prolin  being 
21.81  per  cent.  A  small  amount  of  crystalline  substance,  resembling  leucin  in  its 
properties,  was  also  obtained  from  this  fraction,  but  not  identified. 

Fraction  3  yielded  but  a  minute  quantity  of  a  sour-tasting,  non-crystalline 
substance,  which  was  too  small  in  amount  to  identify. 

Fraction  4  was  examined  in  the  usual  way  for  phenylalanin,  but  if  present, 
it  was  in  too  small  quantity  to  be  isolated.  Aspartic  acid  was  also  sought  for, 
but  could  not  be  found. 

Fraction  5,  the  residue  left  after  the  fractional  distillations,  did  not  yield 
any  phenylalanin,  but  there  was  abundant  evidence  of  the  presence  of  some 
sulphur-containing  compound.  On  hydrolyzing  with  barium  hydrate,  and  satu¬ 
rating  the  concentrated,  barium-free  filtrate  with  hydrochloric  acid  gas,  there 
was  obtained  a  precipitate  of  typical  crystals  of  the  hydrochloride  of  glutaminic 
acid.  This  was  united  to  the  glutaminic  acid  previously  obtained,  decolorized 
with  animal  charcoal,  and  recrystallized,  pure  glutaminic  acid  hydrochloride  to 
the  amount  of  i  gram  being  obtained.  This  was  analyzed,  and  gave  the  fol¬ 
lowing  figures : 

C,  33.15  per  cent;  H,  5.61  per  cent;  N,  7.70  per  cent. 

Calculated  for  glutaminic  acid  hydrochloride : 

C,  32.70  per  cent.;  H,  5.45  per  cent.;  N,  7.63  per  cent. 

The  chlorine  was  removed  from  the  filtrate  with  lead  oxide,  and  from  the 
filtrate  was  obtained  by  condensation  and  crystallization  0.28  gram  of  beautiful 
needles,  with  an  extremely  acid  taste.  A  copper  salt  was  formed,  which  con¬ 
tained  33.2  per  cent,  of  copper,  the  theory  for  the  copper  salt  of  aspartic  acid 
being  32.7  per  cent. 


DISCUSSION  OF  RESULTS. 

The  most  interesting  feature  of  the  results  obtained  in  this 
analysis  is  the  quantity  and  the  number  of  different  amino  acids 
that  were  found  free  in  the  liver  tissue.  The  actual  quantity  of 
each  amino  acid  that  was  isolated  from  700  grams  of  liver  tissue 
(which  constituted  but  72  per  cent,  of  the  entire  liver)  was  as 
follows : 
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Gram. 


Histidin  .  0.64 

Lysin  .  1.04 

Ty rosin  .  0.70 

Leucin  .  4.16 

Glycocoll  .  0.20 

Alanin  . 0.30 

Prolin  .  0.3s 

Glutaminic  acid .  i.oo 

Aspartic  acid  . 0.28 

Total  .  8.67 


The  quantities  given  above  indicate  nothing  as  to  the  actual 
amounts  of  the  free  amino  acids  that  were  present  in  the  liver,  as 
will  be  appreciated  by  anyone  who  has  worked  with  these  sub¬ 
stances,  for  our  analytic  methods  are  so  imperfect  that  the  quanti¬ 
ties  obtained  represent  merely  minimal  figures,  and  account  for 
only  such  quantities  of  each  amino  acid  as  I  could  obtain  in  suffi¬ 
cient  purity  for  positive  identification.  How  small  a  part  of  the 
total  quantity  of  amino  acids  that  was  really  present  in  the  liver  is 
represented  by  the  isolated  and  indentified  amino  acids,  is  shown  by 
the  fact  that  the  8.67  grams  of  amino  acids  obtained  accounts  for 
but  about  1,5  grams  of  nitrogen,  out  of  a  total  of  about  5  grams 
of  non-protein  nitrogen  that  was  present  in  the  liver  extracts  from 
which  the  amino  acids  were  obtained.  In  the  entire  material  used 
there  was  but  about  64  grams  of  protein,  which  would  contain  about 
10  grams  of  nitrogen;  therefore  it  is  noteworthy  that  nearly  one- 
third  of  the  nitrogen  of  the  liver  was  in  a  water-soluble,  non¬ 
protein  form.  If  we  take  into  consideration  the  fact  that  the 
patient  in  this  case  had  been  sick  some  six  weeks,  the  question 
arises:  Could  so  large  an  amount  of  readily  soluble  substances, 
such  as  free  amino  acids,  accumulate  in  the  liver  and  remain  in  it 
for  any  considerable  part  of  this  time?  If  we  estimate  the  protein 
lost  from  this  liver  during  the  course  of  the  disease,  which  resulted 
in  a  decrease  of  its  fresh  weight  to  970  grams  (the  normal  being 
about  1650  grams),  and  make  allowance  for  the  relatively  high 
proportion  of  water  in  the  diseased  liver,  we  find  that  it  amounts 
to  approximately  210  grams.  This  would  contain  approximately 
30  grams  of  nitrogen,  so  that  the  soluble,  non-protein  nitrogen 
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found  in  this  liver  \\’Ould  represent  about  one-sixth  of  all  the 
nitrogen  that  could  have  been  released  by  the  destruction  of  the 
quantity  of  liver  tissue  that  was  lost  during  the  six  weeks  illness. 
Although  it  is  possible  that  so  large  a  proportion  of  the  liberated 
amino  acids  as  this  might  have  been  retained  in  the  liver,  it  hardly 
seems  probable  in  view  of  their  relatively  easy  solubility.  It  may 
be  recalled  in  this  connection  that  Neuberg  and  Richter found  a 
total  of  2.127  grams  of  free  amino  acids  in  350  cubic  centimeters 
of  blood  from  a  patient  with  acute  yellow  atrophy,  and  estimated 
that  the  entire  blood  must  have  contained  as  much  tyrosin  at  this 
time  as  could  have  been  formed  by  hydrolysis  of  the  entire  liver. 
Hence  they  were  obliged  to  conclude  that  there  must  be  some  other 
source  for  the  free  amino  acids  than  the  autolysis  of  the  liver,  and 
they  suggested  the  possibility  that  they  come  through  the  intestinal 
walls  without  undergoing  the  normal  synthesis,  because  of  some 
pathological  alteration  in  this  structure.  Whatever  the  source  of 
the  amino  acids  may  be,  the  large  quantity  of  free,  soluble,  non¬ 
protein  nitrogen  present  in  the  liver  in  my  case  would  seem  to  be 
in  favor  of  the  contention  of  Neuberg  and  Richter  that  there  must 
be  some  source  for  these  substances  other  than  the  autolyzing  liver 
itself. 

The  large  number  of  different  amino  acids  that  were  found  is 
not  more  than  might  be  expected  in  the  light  of  the  studies  of 
Fischer  and  his  colleagues.  Already  leucin,  tyrosin,  lysin,  arginin,  and 
aspartic  acid  have  been  found  free  in  the  liver  or  blood  of  persons 
dying  with  acute  yellow  atrophy  or  similar  conditions.  Glycocoll 
has  been  found  in  the  urine  of  phosphorus-poisoned  dogs,^^  and 
Wohlgemuth'^  has  also  found  alanin,  glycocoll  and  arginin  in 
human  urine  in  phosphorus  poisoning.  So  far  as  I  have  been  able 
to  find  in  the  literature,  the  finding  of  prolin  (pyrrolidin  carbonic 
acid)  and  glutaminic  acid  free  in  the  tissues  or  fluids  of  either 
human  or  animal  material  has  never  been  before  recorded.  There 
is  no  evident  reason  why  all  the  amino  acids  that  have  been  isolated 
from  proteins  by  Fischer  and  others  might  not  be  found  in  dis- 

Deut.  tned.  IVoch.,  1904,  xxx,  499. 

“Aberhalden  and  Barker,  Zeit.  f.  physiol.  Chem.,  1904,  xlii,  524. 

"  Zeit.  f.  physiol.  Chem.,  1905,  xliv,  74. 
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eased  tissue  in  which  autolysis  has  occurred;  but  the  rapid  absorp¬ 
tion  of  these  substances  and  their  early  destruction  by  desamidizing 
enzymes  cause  the  amounts  present  at  any  one  time  to  be  so  small 
as  to  make  their  successful  isolation  by  the  available  methods  ex¬ 
tremely  difficult.  In  my  material,  arginin  and  phenylalanin  were 
sought  in  vain,  and  no  tryptophan  reaction  was  given  by  the  protein- 
free  extracts.  Serin,  iso-serin,  and  cystin  were  not  sought,  but  a 
sulphur-containing  compound  was  present  among  the  esters  ob¬ 
tained  by  the  Fischer  method. 

Small  quantities  of  proteoses  and  peptones  seem  to  have  been 
present,  as  shown  by  the  biuret  reaction  of  the  original  aqueous 
extracts  and  of  the  diffusate  from  the  protein  solution  obtained 
by  cold  and  hot  water  extraction  of  the  liver.  The  quantity  of  the 
nitrogen  found  in  the  different  fractions  obtained  by  the  Bigelow 
and  Cook  methods,  indicated  the  presence  of  about  one-third  gram 
of  proteoses,  and  one-fourth  gram  of  peptones. 

Free  xanthin  and  hypoxanthin  were  also  found  in  minimal  quan¬ 
tities,  the  latter  predominating;  the  total  quantity  isolated  con¬ 
tained  but  about  o.i  gram  of  nitrogen.  The  failure  to  obtain 
guanin  and  adenin  is  readily  explained,  since  these  substances  are 
known  to  be  soon  changed  by  the  guanase  and  adenase  of  the  liver 
into  xanthin  and  hypoxanthin.^^ 

Wakeman’s  interesting  studies  on  the  changes  in  composition  of 
the  liver  of  dogs  during  phosphorus  poisoning^®*  render  a  study  of 
the  composition  of  the  liver  proteins  in  the  human  liver  during 
acute  yellow  atrophy  of  value.  The  result  of  the  analysis  by 
Hausmann’s  method  of  the  insoluble  proteins  of  my  specimen  of 
acute  yellow  atrophy,  of  two  normal  livers,  and  of  one  liver  in 
delayed  chloroform  poisoning  with  extreme  necrosis  of  the  liver 
cells,  is  shown  in  the  following  table: 


Acute  atrophy. 

Normal  (anemic). 

Normal 

(congested) 

Chloroform 

necrosis. 

Amid  nitrogen. 

s-s 

3-7 

4-8 

3-9 

Humus  “ 

3-6 

3'4 

4.9 

S-7 

Diamino  “ 

26.2 

32.8 

30.0 

30.0 

Monamino  “ 

64.8 

60.3 

60.2 

60.3 

“Jones  and  Austrian,  Zeit.  f.  physiol.  Chetn.,  1906,  xlviii,  no. 
^Jour.  of  Exper.  Med.,  1905,  vii,  292. 
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There  seems  to  be  present  here,  as  Wakeman  found  in  his  dogs’ 
livers,  a  decrease  in  the  diamino  nitrogen,  although  this  is  not  so 
striking  as  in  Wakeman’s  material.  Possibly  the  slighter  decrease 
observed  in  the  acute  yellow  atrophy  liver  depends  in  part  upon  an 
increase  in  the  purins  present  on  account  of  regenerative  cell  multi¬ 
plication,  for  in  the  Hausmann  method  of  determining  nitrogen 
distribution  the  purins  are  partly  precipitated  with  the  diamino 
compounds.  It  was  impossible  to  determine  the  relative  proportion 
of  each  of  the  three  diamino  acids,  because  of  accidental  loss 
after  the  histidin  had  been  separated.  However,  the  proportion 
of  the  nitrogen  present  in  the  form  of  histidin  (0.54  gram)  to 
that  present  as  arginin  and  lysin  (0.94  gram)  is  larger  than  the 
normal  proportion,  and  suggests  that  either  the  arginin  or  the 
lysin,  or  both,  were  decreased  much  below  the  normal. 

Interesting  figures  as  regards  sulphur,  phosphorus  and  iron  in 
the  insoluble  residue  of  extracted  liver  tissue  were  obtained,  as 
follows : 


Acute  atrophy. 

1  Normal  (anemic).  | 

Normal 

(congested!. 

Chloroform 

necrosis. 

Sulphur. 

0.82 

i  0.75 

0.77 

0.79 

Phosphorus.* 

0.90 

0.27  1 

0.21 

0.50 

Iron. 

1.22 

0.2  1 

0.4 

0.5 

*  Average  of  four  analyses  of  each  specimen. 

In  spite  of  the  great  loss  of  parenchymatous  tissue  in  the  acute 
yellow  atrophy  liver  the  proportion  of  sulphur  is  quite  the  same 
as  for  the  normal  livers.  This  is  in  agreement  with  the  findings  of 
Wohlgemuth^®  in  phosphorus  poisoning  of  dogs,  the  liver  tissue 
of  which  showed  practically  no  decrease  in  the  proportion  of  sul¬ 
phur.  The  proportion  of  phosphorus  is,  however,  much  increased 
over  the  figures  for  the  normal  livers,  being  increased  by  about  four 
times.  This  is  partly  explained  by  the  great  proliferative  activity 
of  the  cells  of  the  stroma  and  bile  ducts  in  the  areas  in  which 
regeneration  is  occurring,  resulting  in  the  presence  or  large  num¬ 
bers  of  new  nuclei  rich  in  nucleic  acid;  but  it  does  not  seem  that 
this  proliferation  is  sufficient  to  explain  a  four-fold  increase  in 
phosphorus.  Probably  part  of  the  phosphorus  of  the  cells  that 
Biochem.  Zeit.,  1906,  i,  161. 


640  Chemistry  of  Liver  in  Acute  Yellow  Atrophy. 

have  undergone  degeneration  is  present  in  some  insoluble  form,  for 
the  high  figure  obtained  with  the  liver  in  chloroform  necrosis  shows 
that  necrosis  of  the  cells  with  disappearance  of  the  majority  of 
stainable  nuclei  is  not  associated  with  a  decrease  in  the  insoluble 
phosphorus.  The  very  considerable  amount  of  iron  found  in  the 
acute  atrophy  liver  is  in  agreement  with  the  large  amount  of  blood 
present  in  the  areas  of  “  red  atrophy,”  where  the  space  formerly 
occupied  by  liver  cells  is  filled  by  dilated  capillaries;  furthermore, 
iron-containing  pigment  is  usually  found  deposited  in  considerable 
amounts  in  the  liver  in  this  disease,  presumably  because  of  the 
extensive  hemolysis  produced  by  the  cholemia. 

Gelatigenous  substances  seem  to  have  been  excessively  abundant, 
not  only  relatively,  but  to  a  less  extent  absolutely.  The  relative 
increase  is  largely  the  result  of  the  fact  that  in  this  disease  the 
parenchyma  cells  are  destroyed  while  the  stroma  is  not  injured, 
and  the  absolute  increase  depends  upon  the  regenerative  prolifera¬ 
tion  of  the  connective  tissue.  From  700  grams  of  liver  substance 
analyzed,  10  grams  of  gelatin  were  obtained,  which  corresponds  to 
13.8  grams  of  gelatin  in  the  entire  liver,  1.4  per  cent,  of  the  entire 
weight  of  the  fresh  substance,  and  10.  i  per  cent,  of  the  weight  of 
the  dry,  fat-free  tissue.  A  normal  human  liver  was  analyzed  in 
the  same  way,  and  a  total  of  9.2  grams  of  gelatin  was  found  in  the 
entire  liver,  corresponding  to  0.57  per  cent,  by  weight  of  the  entire 
liver,  and  3.2  per  cent,  of  the  dry,  fat-free  substance.  Another 
liver,  from  an  acute  case  of  chloroform  necrosis,  showed  but  1.5 
per  cent,  of  the  fat-free  substance  in  the  form  of  gelatin. 

In  common  with  all  other  recorded  analyses,  the  proportion  of 
water  in  the  liver  was  found  to  be  very  excessive.  This  is  due 
chiefly  to  the  filling  of  the  spaces  left  by  the  destroyed  liver  cells 
with  blood,  and  partly,  perhaps,  to  a  considerable  degree  of  intra¬ 
cellular  edema  (cloudy  swelling  or  hydropic  degeneration).  But 
16.2  per  cent,  of  the  entire  liver  was  solids,  there  being  83.8  per 
cent,  of  water.  This  is  seen  to  agree  well  with  other  analyses 
given  in  the  accompanying  table.” 

The  great  loss  of  parenchyma  is  best  shown  if  we  consider  that 
the  dry  substance  of  the  entire  liver  weighed  but  157  grams, 

”  Modified  from  Quincke,  Spec.  Path,  und  Titer.,  1899,  xviii,  297. 
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Water. 

Fat. 

Fat-free  Dried 
Substance. 

Normal  liver. 

76.1 

3-0 

20.9 

Acute  atrophy  (Peris). 

87.6 

8.7 

9-7 

“  “  (Peris). 

76.9 

7.6 

155 

“  “  (v.  Starck). 

80.5 

4.2 

»S-5 

“  “  (Taylor). 

85.8 

2.0 

12.2 

“  “  (Wells). 

83.8 

2-5 

13-7 

Phosphorus  poisoning  (v.  Starck). 

60.0 

29.8 

10  0 

Fatty  degeneration  (v.  Starck). 

64.0 

25.0 

II  0 

whereas  a  normal  liver  contains  375  to  425  grams  of  solids;  and 
furthermore,  as  the  amount  of  connective  tissue  was  rather  in¬ 
creased  and  the  fat  not  much  below  normal,  the  loss  of  parenchyma 
must  represent  at  least  two-thirds  that  of  the  entire  liver. 

As  shown  by  the  above  table,  the  acute  yellow  atrophy  liver  does 
not  show  an  accumulation  of  fat,  having  not  far  from  the  same 
amount  of  fat  as  the  normal  liver.  The  yellow  color  of  the  organ, 
which  has  commonly  been  assumed  to  represent  fatty  changes,  is 
due  to  the  large  amount  of  bilirubin  present;  this  can  be  shown  by 
placing  the  tissue  in  some  oxidizing  solution,  such  as  potassium 
dichromate,  when  the  color  of  the  liver  at  once  becomes  green. 
Even  the  apparent  fat  increase  observed  in  many  pathological  con¬ 
ditions,  in  which  the  microscope  shows  a  great  amount  of  intra¬ 
cellular  fat  in  the  form  of  fine  granules,  while  chemical  analysis 
shows  no  fat  increase,  is  entirely  wanting  in  acute  yellow  atrophy; 
for  in  the  two  typical  specimens  that  I  have  had  the  opportunity  to 
examine  with  special  stains,  the  amount  of  fat  was  strikingly  small, 
only  occasional  cells  being  found  containing  a  few  granules. 
Therefore,  whatever  the  cause  of  acute  yellow  atrophy  may  be,  it 
cannot  be  classed  among  the  steatogenetic  poisons.  As  nearly  every 
other  degenerative  change  in  the  liver  is  accompanied  by  more  or 
less  fatty  metamorphosis,  it  is  remarkable  that  in  this  disease, 
which  causes  so  great  an  alteration  of  the  liver,  no  fatty  changes 
occur.  Certainly  the  cause  of  acute  yellow  atrophy  must  differ  in 
some  essential  respect  from  the  bacterial  toxins,  phytotoxins,  zoo¬ 
toxins  and  most  of  the  organic  and  inorganic  hepatic  poisons  with 
which  we  are  familiar,  since  all  these  cause  greater  or  less  fatty 
changes  in  the  liver.  In  view  of  the  prominence  in  this  disease  of 
autolytic  changes,  which  are  supposed  to  liberate  invisible  intra- 
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cellular  fat  and  to  make  it  microscopically  visible,  one  might  expect 
an  abundance  of  this  apparent  fatty  degeneration,  but  such  is  not 
the  case. 

The  amount  of  lecithin  seems  not  to  have  been  out  of  proportion 
to  the  amount  of  fat  present  in  the  liver,  the  amount  found  corre¬ 
sponding  to  a  total  of  4.4  grams  in  the  entire  liver,  or  0.45  per  cent, 
of  the  fresh  weight.  In  the  liver  of  a  man  dying  from  accident, 
Balthazard^®  found  1.28  per  cent,  of  lecithin.  Orlow^'"’  found  in 
the  liver  of  infants  from  0.29  to  1.34  per  cent,  of  the  fresh  weight 
of  lecithin.  Heffter^*^  found  about  0.65  per  cent,  of  lecithin  in  the 
liver  of  an  executed  criminal,  and  states  that  he  found  the  propor¬ 
tion  of  lecithin  in  the  liver  of  acute  yellow  atrophy  to  be  decreased, 
but  the  cases  he  describes  in  support  of  this  statement  are  probably 
of  some  other  condition,  for  the  dry  weight  is  given  as  from  32.1 
to  37.8  per  cent,  of  the  fresh  weight,  and  of  this  from  55  to  68 
per  cent,  is  ether-soluble  material ;  these  figures  agree  with  those  of 
ordinary  fatty  metamorphosis. 

Cholesterin  was  present  to  the  amount  of  3.23  grams  in  the 
entire  liver,  constituting  0.3  per  cent,  of  the  entire  fresh  weight,  or 
2  per  cent,  of  the  dry  substance.  The  normal  proportion  of 
cholesterin  in  the  liver  is  given  by  Orlow  as  0.14  to  0.35  per 
cent,  (fresh  weight)  in  children.  I  have  not  been  able  to  find 
figures  on  the  proportion  in  the  liver  of  adults,  but  it  would  pre¬ 
sumably  be  at  least  as  high,  or  higher  (see  note,  p.  643). 

The  finding  of  small  quantities  of  urobilin,  bile  salts  and  creatinin 
is  what  would  be  expected  of  such  a  liver,  in  a  person  dying  with 
severe  icterus.  That  free  lactic  acid  and  volatile  fatty  acids  could 
not  be  found  does  not  indicate  that  they  may  not  have  been  formed 
in  the  living  tissue,  for  they  would  have  been  rapidly  absorbed  and 
removed. 

SUMMARY. 

From  the  liver  of  a  young  man  who  died  of  typical,  “  idiopathic  ” 
acute  yellow  atrophy  of  the  liver,  after  an  illness  of  six  weeks,  there 
were  isolated  and  identified  the  following  amino  acids :  Histidin, 

'*Compt.  rend.  Soc.  hiol.,  1901,  liii,  922. 

’’Abstract  in  Biochem.  Cent.,  1907,  v,  937. 

^  Areh.  f.  exp.  Path.  n.  Pharm.,  1891,  xxviii,  97. 
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lysin,  tyrosin,  leucin,  glycocoll,  alanin,  prolin,  glutaminic  acid, 
aspartic  acid.  These  were  found  free  in  extracts  of  the  liver,  and 
presumably  represent  products  of  the  autolysis  of  liver  cells, 
although  the  amount  of  soluble  non-protein  nitrogen  present  in 
the  extracts  was  so  large  as  to  suggest  that  there  must  be  some 
other  source  for  these  substances. 

Small  quantities  of  free  proteoses  and  peptones,  and  of  xanthin 
and  hypoxanthin,  were  also  found  in  the  extracts. 

In  the  insoluble  proteins  of  the  liver  the  proportion  of  diamino 
acids  was  decreased  slightly  as  compared  with  normal  livers.  The 
proportion  of  protein  phosphorus  was  increased,  probably  because 
of  active  regenerative  proliferation,  while  the  sulphur  was  normal 
in  amount.  Iron  was  increased  because  of  the  large  quantity  of 
blood  in  the  liver  and  the  hematogenous  pigmentation  of  the  liver 
cells. 

Gelatigenous  material  was  increased  both  absolutely  and  rela¬ 
tively,  because  of  the  loss  of  parenchyma  and  the  proliferation  of 
the  stroma. 

The  proportion  of  water  to  solids  was  much  increased,  there 
having  been  a  loss  of  over  two-thirds  of  the  entire  parenchymatous 
elements  of  the  liver.  The  amount  of  fat,  lecithin  and  cholesterin 
was  not  far  from  that  normal  for  the  liver. 

In  conclusion,  it  gives  me  pleasure  to  express  my  indebtedness 
for  advice  and  assistance  to  Professor  Lafayette  B.  Mendel,  in 
whose  laboratory  this  study  was  begun.  I  am  also  under  obliga¬ 
tions  to  Professor  A.  P.  Matthews  of  the  University  of  Chicago 
for  the  use  of  his  laboratory  during  part  of  the  work. 

Note. — Since  this  article  was  sent  to  the  publishers  I  have  com¬ 
pleted  the  analysis  of  the  fats  and  lipoids  of  three  other  livers,  and 
the  results  are  shown  for  comparison  with  the  acute  yellow  atrophy 
liver  in  the  following  table: 

It  is  apparent  that  the  total  amount  of  lecithin  in  this  acute 
yellow  atrophy  liver  is  very  greatly  reduced,  not  only  as  to  the 
actual  amount  present,  but  also  in  its  relation  to  the  other  con¬ 
stituents  of  the  liver.  It  would  seem  that  although  the  liver  has 
lost  even  as  great  a  proportion  of  its  fatty  constituents  as  of  its 
proteins,  it  has  suffered  an  even  greater  loss  in  its  lecithin.  The 
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Lecithin. 

Cholesterin. 

Specimen  Number.* 

199 

202 

203 

Ac.  Atr. 

199 

202 

203 

Ac.  Atr. 

Per  cent,  of  fresh  weight. 

1.6 

1.4 

i-S 

0.45 

0.26 

0.37 

0.52 

0-3 

“  “  “  total  dry  weight. 

6.3 

6.25 

6.2 

2.9 

I.O 

1-7 

1-9 

1.8 

“  “  “  dry,  fat  free  matetial. 

7-7 

8.0 

8.1 

3-2 

1-25 

2. 1 

2.9 

2.1 

“  “  “  ether- soluble  substances. 

35-3 

28.0 

17-3 

17.6 

5-7 

7-4 

5-9 

11. 1 

Grams  in  entire  liver. 

23-7 

22.4 

16.0 

4-4 

3.« 

5-95 

5-4 

3-38 

*  199  and  202  are  normal  human  livers,  from  persons  dying  suddenly.  203  is 
the  liver  of  a  young  man  dying  from  delayed  chloroform  poisoning,  with  hepatic 
necrosis  of  an  extreme  type;  this  case  will  be  the  subject  of  a  study  which  will 
be  reported  later. 

significance  of  this  observation  cannot  be  estimated  until  we  have 
more  figures  on  the  variations  in  the  lecithins  of  the  liver  and  other 
organs  in  health  and  disease.  It  is  interesting  to  note,  however, 
that  in  the  liver  showing  severe  chloroform  necrosis,  with  consid¬ 
erable  fatty  change,  there  has  also  been  a  decrease  in  lecithin, 
although  not  so  marked  as  in  the  acute  yellow  atrophy  liver. 

The  cholesterin  has  not  been  so  greatly  reduced,  for  this  liver 
shows  about  the  same  proportions,  and  nearly  as  large  a  total 
amount  of  lecithin,  as  the  controls.  The  reduction  in  amount  of 
neutral  fats  and  lecithin  causes  it  to  form  an  unusually  large  pro¬ 
portion  of  the  ether  extract. 


ON  THE  CHEMISTRY  AND  STAINING  PROPERTIES 
OF  CERTAIN  DERIVATIVES  OF  THE  METHYLENE 
BLUE  GROUP  WHEN  COMBINED  WITH  EOSIN.^ 


By  THOMAS  M.  WILSON. 

(From  the  FIull  Physiological  Laboratory  of  the  University  of  Chicago.) 

The  only  justification  for  writing  another  paper  on  histological 
stains  so  generally  employed  as  eosin  and  methylene  blue,  is  the 
fact  that  something  new  has  been  discovered  that  adapts  them  for 
a  wider  range  of  usefulness.  Working  along  this  line  a  stain  was 
prepared  several  months  ago  that  was  so  satisfactory  in  some  work 
on  the  opsonic  index^  done  by  the  writer  that  he  considered  it  worth 
describing  at  some  length. 

CHEMISTRY  OF  EOSIN. 

In  1871,  Baeyer’  found  that  by  treating  at  195°  C.  phtlialic  anhydride  with 
resorcinol,  a  yellow  mass  was  formed,  slightly  soluble  in  alcohol,  which  he  called 
fluorescein,  C20H12O5,  the  mother  substance  of  eosin.  It  is  insoluble  in  water, 
ether  and  benzol.  Its  readily  formed  alkaline  solutions  show  beautiful  fluores¬ 
cence  from  which  can  be  got  bright  yellow  star  crystals;  from  alcohol  the  crys¬ 
tals  are  small  dark  brown.  It  is  precipitated  by  acids,  appearing  as  a  brick- 
red  powder. 

The  free  acid  eosin,  tetrabrom  fluorescein,  GoIIsBriOs,  is  strongly  dibasic  and 
was  first  described  by  Baeyer*  in  1876,  although  two  years  prior  it  was  made 
commercially.  The  dye  workers  prepared  it  by  taking  one  molecule  of  fluorescein 
and  four  molecules  of  acetic  acid,  adding  thereto  twenty  per  cent,  solution  of 
bromine.  The  potassium  salt  was  next  formed  and  the  eosin  precipitated  by 
dilute  sulphuric  acid  from  which  the  stain  was  extracted  by  ether.  The  alcoholic 
solution  on  slow  evaporation  yields  beautiful  yellowish-red  crystals  with  a 
formula  CMHsBnOsCCsHsOH).  It  is  precipitated  from  the  watery  solution  by 
mineral  acids,  as  yellowish-red  amorphous  eosin,  the  latter  being  more  soluble 
in  alcohol  than  the  crystalline  form.  In  the  presence  of  the  slightest  trace  of 
alkalies,  a  red-yellow  color,  and  a  beautiful  yellow-green  fluorescence  is  pro¬ 
duced.  It  is  almost  insoluble  in  chloroform  and  benzol.  On  reduction  with  zinc 

'Received  for  publication  July  12,  1907. 

’Wilson,  Anier.  Jour,  of  Physiol.,  1907,  xix,  445. 

’  Baeyer,  Berichte  Deut.  Chem.  Gesel.,  1871,  iv,  558. 

*  Baeyer,  Liebig’s  Annal.,  1876,  clxxxiii,  38. 
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dust  and  alkalies  it  becomes  colorless.  Salts  are  readily  formed  by  treating  it 
with  the  corresponding  base.  The  alkali  salts  are  soluble  in  water,  the  earthy 
salts  slightly  so,  while  those  of  the  heavy  metals  are  almost  insoluble.  Silver 
eosinate,  however,  is  somewhat  soluble  in  water  and  alcohol.  Water-soluble 
eosin  is  the  potassium  or  sodium  salt.  The  formula  of  the  former  is  CsoHoBri- 
OeKzSHsO,  and  its  molecular  weight  824.  It  is  soluble  in  two  parts  of  water, 
and  slightly  soluble  in  absolute  alcohol.  Its  tri-clinic  crystals  are  red  by  trans¬ 
mitted  light  with  a  yellow-green  lustre.  The  dilute  solution  is  red-yellow,  with 
strong  green  fluorescence.  Its  absorption  spectrum  shows  a  broad  black  band  in 
the  green. 

Our  knowledge  of  the  constitution  of  eosin  depends  primarily  on  the  manner 
of  linking  one  molecule  of  phtalic  anhydride  and  two  molecules  of  resorcinol, 
so  as  to  form  one  molecule  of  fluorescein  and  two  molecules  of  water.  E. 
Fischer“  wrongly  claimed  that  it  was  done  as  follows: 


Phtalic  Anhydride. 

V 


Resorcinol. 

/\ 

r"  V"«_ch/ 

I  I  “  *  ‘\co 

\CeH30H/ 


Water. 


co/C‘H*oh^^ 


+  2H,0. 


Baeyer'  found  that  by  heating  mono-resorcin  phtalein 


/C0C,H,(0H)3 

c,h/ 

\CO,II 

that  fluorescein  and  phtalic  acid  were  formed  according  to  the  equation 

2Ci4HioOe  ~  CsoHisOs  -}-  CsEToO.  H2O, 

and  concluded  that  it  was  a  derivative  of  phenolphtalein  anhydride,  representing 
it  semi-graphically  thus : 

CgH^OH. 

/  >0 

C - CglljOH/ 

^\CeH.CO 


Keller^  fixed  one  hydroxyl  in  a  resorcinol  radicle  in  the  para-position  with 
regard  to  its  attachment  to  the  phtalic  radicle. 

R.  Meyer*  obtained  3,  5,  dibrom;  2,  4,  dioxy-benzoyl-benzoic  acid,  and  some 
phtalic  anhydride  by  heating  eosin  above  its  melting  point,  and  concluded  that 
eosin  was  formed  as  graphically  .shown  below. 

'Fischer,  Berichte  Deut.  Chcm.  Gesel.,  1874,  vii,  1211. 

'  Baeyer,  Liebig’s  Annal.,  1876,  clxxxiv,  24. 

’  Keller,  Berichte  Deut.  Chem.  Gesel.,  1895,  xxviii,  321. 

’  Meyer,  R.,  Berichte  Deut.  Chcm.  Gesel.,  1896,  xxix,  2624. 
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3,  5  Dibrom,  2,  4  Dioxy-benzoyl-benzoic  Acid. 


Eosin. 

() 


Phtalic  Anhydride  Water. 


/ 

l4Ce<^ 


c— o— H  HOC 
/  \ 


+ 


Nr  H  ^ 


C 

/\ 

H,C/  \o 

\/ 

c 


\ 


Br 

HO 


c  =  o 


/ 

OH 


OC 


\/\ 


C,H,  ^  Br 


HO 


HO 


\/ 

Br 


Br 


OH 


CO 


/\/N  Br  +  CeH,<;^  \o  +  2H,0 


/\ 

Br  O  Br 


OH 


\/ 

CO 


According  to  this  lactone  theory,  eosin  is  tetrabrom-dioxy-fluorane.  It  pos¬ 
sesses  two  heterocyclic  rings,  one  five-membered,  the  other  having  six  atoms. 
In  the  former  is  found  two  acid  ketonic  chromophores,  =  C  =  O.  One  of  them 
is,  however,  replaced  by  an  oxygen  atom,  =  O,  and  in  the  six-membered  ring 
there  is  another  similarly  substituted  ketone.  Linked  on,  as  side  chains,  are  two 
acid  auxochromes,  O  —  H,  which  both  intensify  the  color  and  aid  in  the  elec¬ 
trical  dissociation.  The  addition  of  bromine  atoms  increases  the  color  toward 
the  blue  end  of  the  spectrum. 


CHEMISTRY  OF  CERTAIN  METHYLENE  BLUE  DERIVATIVES. 

Methylene  blue  was  first  prepared  in  1876  by  Caro,“  and  a  few  years  later 
Bernthscii’"  published  two  articles  on  the  chemistry  of  the  whole  methylene  blue 
group.  Bernthsen’s  is  still  our  best  single  source  of  information  on  this  subject. 

Methylene  blue  is  prepared  by  oxidizing  dimethyl-phenylene  diamine  with 
ferric  chloride  in  the  presence  of  hydrogen  sulphide.  Its  formula  is  CieHisNaSCl 
-j-  3H2O  and  its  molecular  weight  373.  At  100“  C.  it  possesses  three  molecules 
of  water,  but  loses  these  at  150°  C.  It  crystallizes,  by  means  of  sodium  chloride 
and  hydrochloric  acid,  in  small  glittering  microscopic  leaflets,  which  have  either 
a  copper  or  bronze-colored  lustre  which,  on  cleavage,  shows  a  cantharides  gloss. 
It  is  soluble  in  water  and  alcohol.  Its  cold  blue  aqueous  solution  is  not  destroyed 
by  strong  hydrochloric  acid,  weak  nitric  acid  or  by  alkalies.  It  is  not  destroyed 
by  boiling  its  aqueous  solutions.  It  forms  a  base  in  the  cold  with  fresh  silver 
oxide.  By  long  boiling  with  weak  alkalies  or  silver  oxide,  it  yields  methylene 
violet,  methylene  azure,  and  their  leuco-bases,  besides  other  lower  derivatives, 
such  as  dimethyl-amine.  Its  spectrum  in  dilute  solution  gives  a  dark  band  be¬ 
tween  B  and  C,  and  a  dim  one  to  the  left  of  D,  with  the  maxima  at  X670  and 
X6io,  respectively.” 

*Caro,  Bcrichtc.  Dent.  Chcm.  Gcsel.,  1876,  xi,  360. 

“  Bernthsen,  Liebig’s  Annal.,  1885,  ccxxx,  137;  also  1889,  ccli,  i. 

”X  equals  a  thousandth  part  of  a  M. 
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Methylene  azure,”  GoHisNsSOs,  is  an  oxidation  product  formed  by  boiling 
weak  alkalies  or  silver  oxide  with  methylene  blue.  Its  direct  separation  in  pure 
form  from  methylene  violet  has  not  been  accomplished,  but  by  converting  these 
bodies  into  their  leuco-compounds  the  azure  can,  by  alkalies,  be  separated  from 
the  leuco-methylene  violet.  After  this  process,  the  leuco-azure  can,  by  oxidation, 
be  readily  reconverted  into  the  methylene  azure.  It  is  soluble  in  ether,  with 
raspberry  color;  in  water,  with  blue  color;  while  in  alcoholic  and  chloroform 
solution  it  is  violet  red,  and  in  benzolic  and  xylolic,  pure  red.  The  leuco-com- 
pound  obtained  by  alkalies  and  stannous  chloride  is  insoluble  in  alkalies. 

Methylene  violet,  CMH12N2SO,  is  also  formed  in  the  boiling  of  methylene  blue 
with  an  excess  of  silver  oxide.  Its  crystals  separate  out,  and  can  be  purified  by 
dissolving  them  in  hot  alcohol,  to  which  it  gives  a  violet  color  and  red-brown 
fluorescence.  It  is  slightly  soluble  in  ether,  cold  or  hot  water,  and  more  soluble  in 
chloroform  and  acetone.  It  forms  long  black  greenish  glittering  needles.  The 
hydrochloride  of  the  violet  is  obtained  by  crystallizing  the  base  with  dilute 
hydrochloric  acid,  when  beautiful  centimeter-long  crystals  appear. 

Leuco-methylene  blue  present  in  the  precipitate  formed  by  boiling  silver 
oxide  with  methylene  blue  is  soluble  in  ether,  cold  alcohol,  and  slightly  in  water. 
It  crystallizes  in  broad  atlas  glittering  needles  and  oxidizes  in  the  moist  condi¬ 
tion  very  easily,  forming  methylene  blue.  It  is  insoluble  in  strong  potassium 
hydrate.  Like  other  leuco-derivatives  of  methylene  blue,  it  is  colorless,  due  to 
the  loss  of  its  double  nitrogen  bond,  and  the  introduction,  therefore,  of  hydrogen. 

Methylene  red  is  always  present  in  the  mother  liquid  from  which  methylene 
blue  is  prepared.  It  is  soluble  in  water,  and  alcohol,  giving  thereto  a  violet- 
purple  color.  It  is  not  soluble  in  ether.  The  formula  for  the  chloride  was  given 
as  CieHi8N4S42(HCl),  which  later  research  has  shown  should  be  halved. 

A  last  compound  of  interest  is  the  free  base  of  methylene  blue,  GeHisNsSOH, 
which  is  obtained  from  the  chloride  by  treating  it  several  days  with  luke-warm, 
freshly  prepared  silver  oxide.  On  evaporating  this  solution  over  sulphuric  acid, 
a  green  amorphous  mass  with  metallic  lustre  remains.  It  is  insoluble  in  ether, 
but  very  soluble  in  water  and  alcohol. 


The  Structure  of  Methylene  Blue. 

The  different  methods  of  preparing  thionin,  or  Lauth’s  violet. 
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from  (a)  p-phenylene  diamine,  (fe)  thio-diphenyl  amine,  (c)  p-diamido-diphenyl- 
amine,  show  that  its  real  structural  name  should  be  diamido-diphenthiazine,  and 
since  it  is  the  mother  substance  of  methylene  blue,  it  furnishes  the  starting  point 
for  determining  the  constitution  of  the  latter  body. 

Methylene  blue,  according  to  the  quinone  theory,  is  the  chloride  of  tetra- 
methyl-diamido-diphenthiazine. 


”  Michaelis,  Chem.  Cent.,  1901,  ii,  708. 
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H  S  H 

(H3C),  -N  =  ^/\/^  N(CH3), 

Cl^  III' 

H  N 

The  termination  “  azine,”  also  called  azinium,  indicates  the  substitution  of  one 
or  more  methin  groups  by  nitrogen  atoms  in  a  six-membered  mono-hetero- 

N 

I  II 

N 

atomic  ring.  For  example,  the  radicle  would  be  a  p-diazine.  If,  now,  one  of 
the  nitrogen  atoms  in  it  were  replaced  by  a  sulphur  atom,  the  group  would  then 
be  called  p-thiazine. 

I  II 

N 

It  would  consist  of  one  sulphur,  one  nitrogen  and  four  carbon  atoms.  It  would 
still  be  a  stable  body,  since  the  replacement  of  methin  groups  by  nitrogen,  or  the 
second  replacement  of  nitrogen  by  sulphur,  affects  the  stability  of  a  six-mem¬ 
bered  ring  very  slightly,  as  shown  by  the  high  melting  and  boiling  points  of 
many  compounds  in  which  this  ring  occurs.  The  strong  basic  chromophore 
indamin  —  N  =  occurring  as  part  of  the  thiazine  ring  has  two  of  its  bonds 
united  to  one  benzene  ring,  while  the  third  is  linked  to  the  other  benzene.  The 
presence  of  the  sulphur  atom  in  the  thiazine  group  might  be  regarded  as  a  sub¬ 
stituted  ketonic  acid  chromophore,  =  C  =  O  becoming  =  S,  lessening,  however, 
the  strong  basicity  of  the  indamin,  but  still  leaving  p-thiazine  decidedly  chromo- 
genic.  This  group  linked  with  the  two  benzene  rings  forms  dipenthiazine. 

A  glance  at  the  graphic  formula  of  methylene  blue  will  show  that  there  is  a 
substituted  hydrogen  atom  in  each  of  the  two  benzene  nuclei  which  occupies  the 
para-  position  with  regard  to  the  nitrogen  in  the  thiazine  group.  If,  then,  one 
of  these  hydrogens  is  replaced  by  a  dimethylamine  and  the  other  hydrogen  by 
a  double-bonded  nitrogen,  carrying  two  methyl  groups  and  one  chlorine  atom, 
the  resulting  compound  will  be  methylene  blue.  In  Bemthsen’s  theory,  the  nitro¬ 
gen  in  the  heterocyclic  ring  is  united  to  the  nitrogen  carrying  the  chlorine  atom. 
The  strongly  basic  auxochrome,  NHs,  attached  to  one  benzene  ring  does  not 
influence  the  dissociation  of  chromogen,  as  do  the  other  salt  formers.  It,  how¬ 
ever,  intensifies  the  color  of  the  chromophores  and  gives  the  dye  a  basic  char¬ 
acter.  It  never  dissociates  electrically,  but  it  influences  other  nitrogen  atoms 
which  may  be  present  and  gives  them  power  to  unite  with  the  tissues.  The 
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center  of  each  spectrum  band  is  moved  X  15  for  each  methyl  group  introduced. 
The  substitution  of  the  two  methyl  groups  in  the  amidogen  side  chain  renders 
the  stain  darker  and  slightly  less  basic.  Why  these  phenomena  occur  is  still 
unknown.  In  the  other  benzene  ring  there  is  present  the  group  =N(CH3)2C1 
holding  on  to  its  benzene  ring  by  a  double  bond.  It  may,  therefore,  be  consid¬ 
ered  as  a  substitution  for  the  oxygen  in  the  acid  chromophore,  =r  C  =:  O,  in 
which  the  oxygen  atom  is  replaced  by  two  of  the  bonds  of  a  pentad  nitrogen. 
This  replacement  not  only  annuls  the  acid  power  of  the  chromophore  but  renders 
it  decidedly  basic.  Moreover,  the  presence  of  this  pentad  nitrogen  renders  the 
whole  dye  a  chloride  of  an  ammonium  base  which  dissociates  into  the  colorless 
anion  Cl  and  the  remainder,  the  colored  kation.  Thus  the  presence  of  the  three 
basic  chromophores  more  than  counterbalances  the  single  acid  one  and  so  the 
compound  as  a  whole  is  basic. 

HISTORY  OF  METHYLENE  BLUE  AND  EOSIN  STAINING. 

Although  eosin  was  first  made  in  1874,  and  methylene  blue  two  years  later, 
it  was  not  till  1891  that  Romanowsky”  first  employed  a  combination  of  the  two 
for  histological  purposes.  In  staining  for  Plasmodium  malarise,  he  sought  to 
obtain  an  aqueous  solution  of  a  neutral  compound  of  the  two  ingredients.  He, 
therefore,  took  one  part  of  a  saturated  solution  of  methylene  blue  and  two  parts 
of  one  per  cent,  water-soluble  eosin.  His  sections  fixed  by  heating  for  one  hour 
at  105°  C.  sometimes  required  several  hours  to  bring  about  the  desired  staining 
effect.  His  successful  results  with  human  blood  which  did  not  always  occur, 
are  given  in  Table  I. 

Unna’^  founded  the  ingenious  method  of  special  contrast  staining  of  certain 
tissue  cells  by  using  polychrome  methylene  blue.  He  obtained  metachromatic 
staining  of  Bacillus  tuberculosis,  mast,  and  plasma  cells  by  alkalinizing  ordinary 
methylene  blue,  and  thus  obtaining  some  methylene  violet  and  methylene  azure, 
which  latter  substance  he  wrongly  called  methylene  red. 

Mathews”*  was  the  first  to  bring  out  the  fact  that  staining  with  methylene 
blue,  as  with  any  other  basic  dye,  depends  upon  the  alkaline  reaction  of  the 
tissues. 

Ziemann,“  who  made  use  of  the  same  stain  as  Romanowsky,  observed  that 
the  precipitate  formed  upon  the  union  of  eosin  with  methylene  blue  was  essen¬ 
tial  for  the  success  of  the  stain,  and  was  soluble  in  an  excess  of  either  con¬ 
stituent.  By  adding  borax,  potassium  hydrate  or  sodium  carbonate,  he  could 
always  get  a  body  capable  of  staining  plasmodia.  This  body  he  supposed  to  be 
a  compound  of  eosin.  He  employed  it  in  staining  flagella,  fungi  and  various 
bacteria.  It  gave  the  same  results  as  a  good  Romanowsky  stain,  and  was  more 
certain,  for  reasons  to  be  shown  later. 

Laurent”  united  the  dyes  according  to  their  valencies.  Methylene  blue  being 

"Romanowsky,  St.  Petersburg,  med.  Woch.,  1891,  viii,  297. 

”  Unna,  Zeit.  f.  wissensch.  Mikros.,  1892,  viii,  475. 

"  Mathews,  A.  P.,  Amer.  Jour,  of  Physiol.,  1898,  i,  449. 

"  Ziemann,  Cent.  f.  Bakt.,  1898,  xxiv,  945. 

”  Laurent,  Cent.  f.  allg.  Path.  u.  Anat.,  1898,  ix,  86. 
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monobasic  requires  twice  its  molecular  weight  to  neutralize  one  volume  r>f  the 
dibasic  acid,  eosin..  After  thus  forming  the  precipitate,  it  was  kept  in  '*“11- 
stoppered  bottles,  and  before  using,  was  shaken  and  a  portion  diluted  four  tunes. 
It  was  then  boiled  for  half  an  hour,  thus  dissociating  the  neutral  salt.  The  col¬ 
ored  ions  remain  in  this  dissociated  condition  for  five  or  six  hours.  The  time 
required  for  staining  with  the  cold  liquid  was  from  thirty  minutes  to  five  or  six 
hours.  The  specimens  were  differentiated  in  absolute  alcohol. 

Rosin’®  points  out  that  when  methylene  azure  solution  is  evaporated  it  forms 
a  red-violet  body.  This  is  the  essential  ingredient  in  Unna’s  polychromatic  stain, 
and  forms  in  long-standing  methylene  blue.  The  variability’*  of  the  staining 
reaction  of  methylene  blue  and  eosin  led  to  his  finding  five  different  bodies 
soluble  in  alcohol  and  water,  but  differently  soluble  in  chloroform.  This  latter 
fact  enabled  them  to  be  separated.  One  body  he  designated  methylene  blue  eosin. 
Its  blue  violet  needle-shape  crystals’”  have  a  metallic  lustre  and  decompose  on 
exposure,  becoming  dark  brown.  They  are  insoluble  in  cold  water,  but  the 
washings  will  continue  for  days  to  show  a  bright  rose  tinge  with  green 
fluorescence.  In  hot  water  they  are  slightly  soluble,  with  strong  fluorescence. 
The  body  is  difficultly  soluble  in  alcohol,  with  blue  violet-green  fluorescence. 
Mineral  acids  change  this  color,  which  fails  to  return  on  neutralization.  With 
organic  acids,  the  color  of  alcoholic  solutions  varies  from  pure  blue  to  blue  green. 
Alkalies  change  the  solution  to  red,  and  violet  blue  returns  on  neutralization. 
It  is  slightly  soluble  in  chloroform,  with  ted  violet  color,  and  no  fluorescence; 
but  absolutely  insoluble  in  ether.  It  stains  celloidin,  mucin,  nuclei,  and  Nissl 
granules  blue,  while  protoplasm  of  nerve  cells,  proteids,  fibrin,  and  even  glass 
become  rose-red.  Cytoplasm  strikes  a  red  tint,  and  neutral  granules  become 
violet.  He  claims  that  this  stain,  like  all  others  formed  by  the  union  of  basic 
and  acid  dyes,  differentiates  the  tissues  into  their  component  parts,  staining  the 
nuclei  blue,  and  the  cytoplasm  red.  He  also  claims  that  methylene  azure  and 
methylene  violet  are  two  other  bodies  formed  in  uniting  methylene  blue  and 
eosin.  This  statement  has  been  indirectly  dealt  with  in  discussing  the  work  of 
Bernthsen,  and  will  be  referred  to  later.  Methylene  orange,  a  fourth  compound, 
is  very  soluble  in  ether  and  appears  to  be  nothing  but  tetrabrom  fluorescein 
derived  from  the  water-soluble  eosin.  The  remaining  substance  is  a  black  dye, 
insoluble  in  ether,  but  soluble  in  chloroform. 

Zettnow“  shows  how  to  treat  the  methylene  blues  manufactured  by  the  dif¬ 
ferent  German  firms,  with  alkalies  to  get  the  best  results  in  staining  bacteria  and 
blood.  In  differentiation,  he  used  0.2  per  cent,  eosin,  and  o.i  per  cent,  methylene 
blue. 

Nocht”  showed  that  neither  polychrome  methylene  blue  nor  eosinate  of 
methylene  blue  taken  singly,  but  a  combination  of  the  two  was  essential  for  the 
staining  of  malarial  parasites.  Hence  it  was  that  Unna’s  polychrome  added  to 
Romanowsky’s  mixture  increased  the  intensity  of  that  stain.  Nocht’s  directions 

“Rosin,  Deut.  mcd.  Woch.,  1898,  xxiv,  616. 

Idem.,  Cent.  f.  Physiol.,  1899,  xiii,  561. 

^  Idem.,  Berl.  klin.  IVoeh.,  1899,  xxxvi,  251. 

Zettnow,  Zeit.  f.  uoissensch.  Mikros.,  1899,  xvi,  254. 

”  Nocht,  Cent.  f.  Bakt.,  1898,  xxiv,  839. 
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required  i  c.c.  of  neutralized  polychrome  methylene  blue  (litmus  paper  as  an 
indicator)  and  i  c.c.  of  water,  then  ordinary  concentrated  solution  of  methylene 
blue  till  the  polychrome  color  had  changed  to  a  clear  blue.  This  mixture  is  now 
added  to  o.i  per  cent,  water-soluble  eosin.  The  specimens  took  up  this  stain  in 
from  three  to  twenty-four  hours,  and  were  differentiated  by  very  dilute  acetic 
acid.  In  his  second  paper,“  Nocht  modified  the  stain  by  treating  at  50°  to  60°  C. 
ordinary  one  per  cent,  methylene  blue  with  0.5  per  cent,  sodium  carbonate,  cool¬ 
ing  and  adding  it  to  one  per  cent,  eosin,  until  the  resulting  color  shows  no  red. 
A  slight  excess  of  either  does  not  affect  the  stain.  Nocht  avoids  committing 
himself  as  to  the  real  nature  of  the  ingredient  essential  for  staining  malaria 
parasites  by  calling  it  “Rot  aus  M ethylenblau.”  He  claims  it  is  neither  methylene 
red  nor  methylene  violet.  A  water  solution  of  fresh  methylene  blue  gives  to 
chloroform  a  blue  tint,  while  a  polychrome  solution  gives  to  it  a  red  color.  A 
study  of  Bernthsen  would  have  thrown  light  on  this  color-producing  material. 

Laveran,“‘  who  discovered  the  parasite  of  malaria  in  1881,  worked  on  this 
compound  stain.  He  employed  the  free  base  of  methylene  blue,  called  by  him 
Bleu  Barrel,  after  Dr.  Borrel,  who  prepared  it  by  adding  fresh  silver  oxide  to 
any  methylene  blue,  and  letting  it  stand  for  several  days,  i  c.c.  of  this  base  was 
added  to  5  c.c.  of  o.i  per  cent,  eosin  and  4  c.c.  of  distilled  water.  This  stained 
the  nuclei  of  the  haematozoa  violet  and  their  protoplasm  blue. 

Jenner“  simplified  this  stain  greatly.  He  united  equal  volumes  of  i.S  per 
cent,  eosin  and  one  per  cent,  methylene  blue  and  collected  the  precipitate,  which 
was  dried  at  55°  C,  and  dissolved  in  pure  methyl  alcohol.  The  air-dried  smear 
of  blood  was  flooded  with  the  stain  for  one  to  three  minutes  which  was  then 
poured  off;  the  film  was  rinsed  in  distilled  water,  dried  in  the  air,  and  mounted 
in  balsam.  He  claims  that  good  results  can  be  obtained  by  making  separately 
alcoholic  solutions  of  methylene  blue,  and  eosin,  and  then  mixing  them. 

Leishman“  made  a  solution  of  0.5  per  cent,  of  sodium  carbonate  in  one  per 
cent,  methylene  blue,  heated  it  at  65°  C.  for  twelve  hours,  and  let  it  stand  for 
ten  days.  To  this  he  added  an  equal  volume  of  0.1  per  cent,  eosin  and  dissolved 
the  precipitate  in  pure  methyl  alcohol.  He  applied  the  stain  in  the  same  manner 
as  Jenner,  leaving  it  undiluted  on  a  blood  specimen  one  and  one  half  minutes, 
then  diluting  it  with  double  the  volume  of  distilled  water  and  allowing  it  to  act 
for  from  five  to  ten  minutes. 

Wright”  steams  at  100®  C.  one  per  cent,  sodium  bicarbonate  for  one  hour, 
and  after  cooling  adds  0.1  per  cent,  eosin  till  a  purple  color  is  formed  with  a 
metallic  scum.  He  states  the  proportions  as  two  of  methylene  blue  solution 
to  one  of  eosin.  The  collected  precipitate  is  dried  and  dissolved  in  pure  methyl 
alcohol  to  make  an  0.5  per  cent,  solution.  He  applies  it  by  nearly  flooding  the 
slide  containing  the  air-dried  specimen  for  one  minute  with  the  stain.  Water, 
drop  by  drop,  is  next  applied  until  a  scum  forms,  but  not  enough  to  make  the 
fluid  transparent.  In  this  condition  it  remains  from  two  to  three  minutes.  He 

”  Nocht,  Cent.  f.  Bakt.,  1899,  xxv,  764. 

“Laveran,  Compt.  rend,  de  la  Soc.  de  Biol.,  1899,  li,  249. 

“Jenner,  Lancet,  1899,  i,  370. 

“Leishman,  Brit.  Med.  Jour.,  1901,  i,  635;  1901,  ii,  757. 

”  Mallory  and  Wright,  Pathological  Technique,  1904,  3d  edition,  p.  370. 
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differentiates  by  means  of  water,  examining  microscopically  until  the  red  cor¬ 
puscles  become  pinkish.  When  the  proper  color  develops,  the  specimen  is  quickly 
dried  between  layers  of  filter  paper  and  mounted  in  Canada  balsam. 

The  staining  results  of  the  different  investigators  are  given  in  Table  I.,  and 
along  with  them,  those  brought  out  by  using  eosinate  of  thionin. 

This  survey  of  the  literature  and  examination  of  the  chemistry 
shows  that  eosin  and  certain  derivatives  of  the  methylene  blue 
group  are  essential  to  obtain  certain  effects  in  the  staining  of  blood. 
It  was  first  pointed  out  by  Nocht  that  eosinate  of  methylene  blue 
stains  the  basic  cytoplasm  and  the  acid  chromoplasm,  and  the 
presence  of  "  Rot  aits  Methylenhlau  ”  produces  the  characteristic 
malarial  parasite  staining.  Nocht,  however,  failed  to  state  what 
that  specific  staining  body  really  was  chemically.  By  Rosin  and 
others  it  was  assumed  to  be  methylene  azure,  although  this  was  not 
demonstrated.  As  to  the  staining  functions  of  other  derivatives 
af  methylene  blue  which  are  invariably  present,  nothing  is  re¬ 
corded. 

For  the  purpose  of  throwing  light  on  these  problems,  and,  if 
possible,  making  the  preparation  of  these  stains  less  empirical,  an 
attempt  was  made  to  isolate  these  derivatives  and  study  their  stain¬ 
ing  reactions  for  normal  and  abnormal  elements  in  the  blood,  and 
also,  to  ascertain  what  bodies  are  formed  by  the  action  of  the 
silver  oxide  or  dilute  alkalies,  and  finally,  by  using  the  facts  ac¬ 
quired,  to  treat  a  specimen  of  methylene  blue  so  as  to  obtain  a 
known  mixture  of  its  chief  derivatives,  and  then  to  combine  them 
under  proper  conditions  with  eosin. 

THE  ISOLATION  OF  CERTAIN  METHYLENE  BLUE  DERIVATIVES. 

Preparation  of  Methylene  Violet. 

Methylene  violet  was  prepared  by  boiling  0.5  per  cent,  methylene 
blue  with  0.5  per  cent.,  silver  oxide  for  about  six  hours.  A  drop 
placed  on  the  slide  showed  microscopically,  besides  the  silver  debris, 
a  purple  flocculent  precipitate,  soluble  in  ether,  and  crystals  in  the 
form  of  sea  urchins,  whose  rays  were  dark  brown  by  transmitted 
light,  and  when  dried,  dark  green  by  reflected  light.  These  latter 
forms  were  insoluble  in  both  cold  water  and  ether,  but  soluble  in 
hot  alcohol.  The  boiled  methylene  blue  was  extracted  with  ether 
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and  the  filtered  residue  first  washed  with  cold  water,  and  then  treated 
with  hot  alcohol.  The  resulting  solution  gave  on  standing  in  an 
atmosphere  of  hydrogen  almost  pure  crystals  of  methylene  violet. 
Suspended  in  dilute  hydrochloric  acid,  one  sees  the  crystals  dis¬ 
appear,  surrounded  by  a  purplish  halo.  The  resulting  small  star 
crystals  of  the  hydrochloride  were  found  insoluble  in  0.5  per  cent, 
hydrochloric  acid,  soluble  in  cold  95  per  cent.,  insoluble  in  10  per 
cent,  alcohol  and  insoluble  in  distilled  water,  dilute  alkalies  and 
ether.  The  purplish  alcoholic  solution  gives  with  sulphuric  acid, 
a  port  wine  color.  Chloroform  dissolves  the  crystals,  with  red 
brown  fluorescence.  Tar  soap  gave  with  the  alcoholic  solution  a 
pretty  green  color.  The  methylene  violet  prepared  as  described 
above  was  soluble  in  xylol,  benzol,  and  toluol,  with  red  color. 
Potassium  bichromate  gave  a  dark  carmin  brown  precipitate,  made 
up  of  star  crystals  about  seven  /a  in  diameter.  Zinc  chloride,  and 
hydrochloric  acid  gave  violet  fluffy  precipitate.  A  solution  of  the 
methylene  violet  in  methylated  spirits  stained  the  nuclei  purple,  and 
the  red  corpuscles  greenish  blue.  Methylene  violet  will  not  unite 
with  eosin  in  alkali  or  in  neutral  solutions.  The  hydrochloride, 
however,  of  the  methylene  blue  readily  forms  a  purplish  compound 
with  eosin  which  stains  blood  smears  faintly. 

Preparation  of  Methylene  Azure. 

The  isolation  of  methylene  azure  was  more  difficult.  Ether  as 
its  solvent  was  discarded,  because  methylene  violet  was  also  found 
in  the  extract.  Partial  precipitation  of  a  chloroform  extract  also 
proved  unsatisfactory,  since  the  high  concentration  at  which  sepa¬ 
ration  occurred  was  so  great  that,  although  the  filtration  was  per¬ 
formed  in  an  atmosphere  of  chloroform,  no  reliance  could  be 
placed  on  the  purity  of  the  product.  It  was  found,  however,  that 
leuco-methylene  blue  and  leuco-methylene  azure  are  insoluble  in 
sodium  hydrate,  whereas  leuco-methylene  violet  is  soluble.  If, 
then,  the  boiling  with  silver  oxide  were  continued  till  all  the  methy¬ 
lene  blue  had  disappeared,  the  other  two  bodies  could  be  separated. 
For  the  purpose  of  ascertaining  when  this  disappearance  occurred, 
I  per  cent,  methylene  blue,  1.5  per  cent,  silver  oxide,  and  0.5 
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per  cent,  sodium  bicarbonate  were  boiled  together.  Extracts  from 
the  specimens  slightly  acidulated  with  hydrochloric  acid  were  made 
with  chloroform  at  intervals  of  ten  minutes.  This  process  removed 
the  methylene  azure  and  the  violet,  from  the  other  bodies  insoluble 
in  chloroform.  The  filtrate  from  the  residue  was  treated  with 
hydrochloric  acid.  The  persistent  blue  color,  even  when  extremely 
diluted  and  treated  with  ammonia  water  proved  the  presence  of 
methylene  blue.  In  this  way  it  was  found  that  in  forty-five  minutes 
all  the  methylene  blue  had  disappeared  from  the  material.  A  simi¬ 
lar  specimen,  boiled  forty-five  minutes,  was  filtered  so  as  to  re¬ 
move  the  debris,  and  most  of  the  methylene  violet  and  the  filtrate 
reduced  by  means  of  a  hot  strongly  alkaline  stannous  chloride  solu¬ 
tion.  To  it  was  added  half  its  volume  of  alcohol,  and  the  result¬ 
ing  leuco-methylene  azure  was  allowed  to  crystallize.  The  prod¬ 
uct  was  filtered  and  washed  in  an  atmosphere  of  hydrogen.  The 
leuco-base  was  oxidized  into  the  hydrochloride  and  then  studied. 
It  was  found  to  stain  the  red  corpuscles  green,  the  lymphocytes 
blue,  and  the  nuclei  of  the  polymorphonuclear  leucocytes  deep 
purple.  These  staining  effects  were  found  to  be  identical  with  those 
from  the  same  methylene  blue  mixture  when  boiled  thirty  minutes 
with  hydrochloric  acid  and  then  neutralized. 

Several  experiments  led  to  the  inference  that  methylene  azure 
does  not  unite  with  eosin  when  the  latter  is  added  to  a  methylene 
blue  mixture  containing  azure.  Ether  is  a  solvent  for  methylene 
azure.  When  an  extract  of  the  latter  is  evaporated,  the  residue  is 
very  slightly  soluble  in  water  or  dilute  alkalies,  and  no  precipitate 
is  detected  microscopically  when  eosin  is  added  to  the  saturated  blue 
aqueous  solution.  If,  however,  the  extract  is  evaporated  in  an 
atmosphere  of  hydrogen,  or  if  some  acid  is  first  added,  then  a 
fine  pale  purplish  precipitate  is  visible  under  medium  magnification. 
Care  in  the  latter  case,  however,  must  be  exercised  to  avoid  so 
much  acid  as  to  precipitate  the  yellowish  red  tetrabrom-fluorescein 
from  the  water-soluble  eosin.  Proof  of  the  correctness  of  the 
inference  was  further  secured  by  observing  that  as  much  matter 
soluble  in  ether  was  obtained  from  the  mixture  treated  with  eosin 
as  from  that  untreated  with  it. 


Thomas  M.  Wilson. 


667 


The  apparatvis  used  in  the  filtration  of  leuco-methylene  azure  and 
of  other  bodies  to  be  dealt  with  later  is  shown  in  the  diagram 
which  follows. 


The  small  bottle,  B,  with  funnel  and  filter  was  placed  in  the  large  bottle,  A, 
containing  some  water  and  zinc.  Through  its  large  rubber  stopper,  S,  pass  four 
tubes  fitting  snugly  to  prevent  leakage.  The  tube,  T,  dipping  under  the  water  in 
A  is  closed  by  a  small  rubber  cork,  K,  which  is  only  removed  when  acid  is  being 
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added  for  the  generation  of  hydrogen,  i?  is  a  thistle  tube  with  rubber  connec¬ 
tion  and  attached  clamp  to  permit  the  entrance  of  the  fluid  to  be  filtered.  On 
opening  the  clamp  at  0  the  pressure  of  the  hydrogen  forces  the  filtrate  into  the 
bottle  D.  When  the  clamp  on  H  is  open,  hydrogen  passes  into  the  corked  bottle  C 
containing  the  material  for  filtration.  On  closing  the  outlets  from  A  the  pressure 
drives  the  solution  through  the  open  tube,  M,  into  the  receptacle  of  the  thistle 
tube,  R.  As  soon  as  the  latter  is  filled,  S  is  clamped,  0  is  opened,  and  after  the 
pressure  has  gone  down,  the  pinch  cock,  P,  is  opened,  and  the  material  passes 
on  to  the  filter  paper. 

The  Examination  of  Thionin,  Thionolin  and  Thionoli 

These  three  bodies  should  receive  a  passing  notice,  since  their 
presence  was  strongly  suspected  in  the  boiled  methylene  blue  solu¬ 
tion  along  with  the  two  bodies  already  identified.  Thionol  was 
prepared  from  thionin  by  boiling  it  with  dilute  sodium  hydrate,  and 
the  product,  supposedly  thionolin,  formed  by  boiling  thionin  for 
one  hour  with  500  times  its  volume  of  water.  The  three  substances 
were  examined  chemically,  and  the  results  are  recorded  in  Table  II, 
along  with  those  of  the  two  other  products  derived  from  methylene 
blue. 

On  Certain  Bodies  Obtained  from  Methylene  Blue  when  Boiled- 
with  Dilute  Alkalies. 

I  next  sought  a  rapid  simple  method  of  identifying  the  methylene 
violet  and  methylene  azure  already  isolated,  and  estimating  approxi¬ 
mately  the  quantity  of  each  produced  by  the  ordinary  treatment 
of  methylene  blue  with  dilute  sodium  bicarbonate. 

The  spectrum  of  a  dilute  solution  in  alcohol  obtained  from  the 
dry  ether  extract  gave  an  absorption  band,  reaching  from  665X  to 
541A,  and  darkest  at  628A.  It  occurred  towards  the  red  end  of 
the  spectrum  and  terminated  al)ruptly,  while  towards  the  portion  of 
the  spectrum  where  the  rays  were  least  refrangible,  the  band  was 
dim  and  gradually  faded  away.  An  alcoholic  solution  from  a 
second  chloroform  extract  gave  a  band  from  651 A  to  550A,  dark¬ 
est  at  594A.  This  analysis  indicates  that  ether  and  chloroform 
extract  different  bodies,  hence  these  solvents  were  considered 
best  adapted  for  my  purpose.  Ether  dissolves  chiefly  methylene 
azure,  while  chloroform  extracts  both  the  azure  and  the  violet,  and 
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methylene  blue  remains  insoluble  in  both.  An  ether  extract,  there¬ 
fore,  contains  chiefly  the  azure,  and  the  residue  will  have  lost  its 
red  color,  while  the  methylene  violet  will  be  obtained  in  the  second 
extraction  by  chloroform.  It  was  therefore  proposed  to  treat  dif¬ 
ferent  samples  successively  with  ether  and  chloroform,  and  esti¬ 
mate  by  colorimetric  methods  the  amount  of  the  solutes  present, 
A  quantity  of  one  per  cent,  methylene  blue,  containing  0.5  per 
cent,  sodium  bicarbonate,  was  boiled  in  a  graduated  beaker  and 
from  it  at  definite  intervals,  ten  cubic  centimeters  were  transferred 
into  labelled  bottles,  care  being  taken  to  add  distilled  water  to  make 
up  for  evaporation  between  the  intervals  of  extraction.  From  the 
five  minute  specimen  bottle,  four  cubic  centimeters  were  transferred 
to  a  clean  dry  test  tube  to  which  was  added  2.5  times  the  amount 
of  ether.  The  mixture  was  then  shaken  gently  (not  vigorously), 
so  as  to  avoid,  as  far  as  possible,  carbon  dioxide  uniting  with  the 
unstable  azure.  Of  this  extract,  eight  cubic  centimeters,  freed 
from  water  and  from  any  methylene  blue,  were  transferred  to 
another  test  tube,  which  was  afterwards  filled  with  coal  gas  and 
tightly  corked.  This  pale  red  solution  was  used  as  a  color  unit. 
The  other  tubes  were  extracted  with  ether  and  records  kept  of  the 
number  of  dilutions  necessary  to  yield  the  same  tint  as  the  unit. 
The  result,  divided  by  2.5  gave  the  quantity  of  the  azure  in  the 
specimen  as  compared  with  the  original.  The  methylene  violet 
determinations  were  similar,  but  on  account  of  the  more  intense 
color,  much  smaller  quantities  of  the  specimens  were  employed  for 
extraction.  The  standard  color  unit  in  this  case  was  obtained  by 
diluting  0.5  cubic  centimeter  of  the  ten-minute  specimen,  twenty 
times,  that  is,  by  adding  ten  cubic  centimeters  of  chloroform. 
The  findings  of  another  similar  experiment  wherein  0.2  per  cent, 
sodium  bicarbonate  was  employed  instead  of  the  0.5  per  cent.,  where 
the  same  color  units  of  the  former  series  of  experiments  were  re¬ 
tained  as  units  in  this  shorter  series,  showed  a  much  smaller  in¬ 
crease  of  material  soluble  in  ether  and  chloroform,  during  the 
sixty  minutes’  boiling. 

The  results  of  both  series  given  in  Table  III  show  that  the 
amount  of  material  in  the  ether  and  chloroform  extracts  depends 
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on  the  duration  of  the  boiling  and  the  strength  of  the  alkali;  and 
further  that  the  substances  soluble  in  each  solvent  do  not  increase 
in  the  same  proportion. 


TABLE  III. 
Time  in  Minutes. 


om. 

5  m. 

10  m. 

20  m. 

30  m. 

40  m. 

50  m. 

60  m. 

75  m. 

105  m. 

One  per  cent.  MbCl  boiled  with  o.  5 

0 

I 

s 

40 

80 

no 

180 

194 

660 

480 

per  cent.  NaHCOg  extracted  with 
ether. 

The  same  extracted  with  chloroform. 

0 

I 

3-5 

5 

6 

6 

7.2 

14 

18.6 

One  per  cent.  MbCl  boiled  with  0. 2 

0 

I 

2 

3 

3.6 

6 

per  cent.  NaHCO.  extracted  with 
Sier. 

The  same  extracted  with  chloroform. 

0 

0.2 

0.4 

0.5 

2-4 

It  was  noticed  microscopically  that  at  least  two  distinct  forms 
of  colored  crystals  resulted  from  methylene  blue  when  boiled  with 
dilute  alkalies,  but  since  the  literature  mentions  only  one  red  colored 
crystalline  form,  viz.,  methylene  violet,  as  being  thus  formed,  it 
was  assumed  that  another  compound  was  present. 

Evidence  that  at  Least  Four  Bodies  are  Formed. 

Various  reagents  insoluble  in  water,  suitable  for  making  colored 
extracts  from  the  treated  methylene  blue  such  as  xylol,  toluol, 
benzol,  turpentine,  ether  and  chloroform  were  tried.  Of  those  in¬ 
vestigated,  the  best  solvent  for  the  derivatives  of  methylene  blue 
was  chloroform,  which  took  twenty  per  cent,  of  the  105-minute 
purple  specimen.  Toluol  was  next  best,  ether  third,  and  carbon 
bisulphide  fourth.  It  was  noted  that  when  a  chloroform  extract 
was  first  made,  no  further  extraction  could  be  made  with  either 
toluol  or  ether.  Utilizing  these  findings,  four  successive  extracts 
(first,  ether;  second,  toluol;  third,  chloroform;  and  lastly,  carbon 
bisulphide)  were  made  of  a  specimen  containing  one  per  cent, 
methylene  blue,  and  0.5  per  cent,  sodium  bicarbonate,  boiled  for 
ten  minutes.  Similar  extracts  were  made  from  the  same  substance, 
boiled  105  minutes,  and  the  increased  color  in  each  extract  com¬ 
pared  by  colorimetric  measurements  with  the  corresponding  one  of 
the  first  series.  Care  was  taken  in  the  second  series  to  make  the 
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last  washing  of  each  extraction  below  the  standard  color  before 
the  next  solvent  was  employed.  The  colored  material  in  the  ether 
extract  increased  ninety  times,  that  in  toluol,  fifty-two  times,  chloro¬ 
form,  ten  times,  and  carbon  bisulphide,  three  times. 

It  is  difficult  to  explain  these  results  except  on  the  assumption 
that  there  were  present  in  certain  extracts  at  least  four  color-pro¬ 
ducing  compounds,  and  that  they  are  formed  in  different  ratios  by 
the  above  methods.  The  results  harmonize  with  the  further  fact 
that  the  dried  extracts  when  dissolved  in  boiling  water,  formed  four 
different  crystals,  together  with  considerable  amorphous  material. 

Probable  Formation  of  Thionin  or  Thionol. 

In  another  experiment,  it  was  noted  that  very  little  matter  soluble 
in  ether  and  chloroform  was  present  in  the  filtrate  of  a  methylene 
blue  specimen  boiled  for  eight  hours  with  an  excess  of  silver  oxide. 
The  substance  in  the  residue  was  red  and  might  be  supposed  to 
be  the  free  base  of  methylene  blue,  which  gives  a  reddish  color  and 
is  insoluble  in  ether  and  chloroform,  but  its  acidification  with  hydro¬ 
chloric  acid  and  the  subsequent  addition  of  alcohol  gave  a  brown 
ring  with  sulphuric  acid,  not  a  green  one,  as  would  be  the  case, 
had  the  substance  been  the  free  base.  On  further  examination  the 
eight-hour  filtrate  gave  some  reactions  very  similar  to  thionol, 
among  these  being  its  ability  of  uniting  with  eosin  and  of  forming 
a  metallic  purplish  precipitate.  This  fluffy  product  could  not  be 
the  eosinate  of  methylene  blue,  since  the  latter  is  dark  blue,  not 
purple.  It  could  not  be  methylene  violet,  since  methylene  violet 
remains  along  with  the  original  precipitate  in  its  unaltered  crystal¬ 
line  form.  The  filtrate  from  it  contains  almost  as  much  material 
soluble  in  ether  as  does  the  original  methylene  blue  mixture  un¬ 
treated  by  eosin,  and  therefore  it  could  not  be  methylene  azure. 
This  purple  compound  of  eosin  was  soluble  in  methylated  spirits, 
gave  staining  reactions  very  much  like  those  resulting  when  thionin 
was  similarly  treated  with  eosin,  and  was,  therefore,  considered  to 
l)e  thionin  or  thionol. 

”  Ether  will  not  dissolve  eosin,  methylene  violet,  or  the  eosinates  of  methylene 
blue,  thionol,  or  its  closely  allied  bodies. 
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SOME  CONSIDERATIONS  REGARDING  THE  MAKING  OF  A  METHYLENE 
BLUE-EOSIN  STAIN. 

From  the  above,  it  is  evident  that  the  derivatives  of  methylene 
blue  essential  for  a  good  stain  may  be  different  in  their  composition 
and  varied  in  their  mode  of  production.  A  very  fine  stain  is 
secured  by  boiling  for  twenty  minutes  a  quantity  of  one  per  cent, 
methylene  blue,  containing  0.5  per  cent,  sodium  bicarbonate,  and 
at  least  0.5  per  cent,  freshly  precipitated  silver  oxide.  One-third 
is  then  removed,  and  after  another  twenty  minutes,  half  of  the 
remainder  is  withdrawn.  The  process  is  continued  with  the  rest 
of  the  mixture  for  the  remainder  of  the  hour.  The  three  products 
are  reunited,  distilled  water  added  to  compensate  for  the  loss  by 
evaporation,  and  the  mixture  allowed  sufficient  time  for  the  pre¬ 
cipitate  to  settle.  The  silver  oxide  in  the  above  process  being 
0.03  per  cent,  soluble  in  water,  and  ionizing  into  Ag  and  OH, 
reacts  on  the  chloride  of  methylene  blue,  forming  the  free 
base,  according  to  the  equation  Mb  —  Cl  -j-  Ag  —  O  —  H  = 
Mb  —  O  — H  -f  AgCl. 

Depending  on  the  chemical  nature  of  derivatives  of  methylene 
blue,  the  action  of  sodium  bicarbonate  may  be  one  of  oxidation  or 
of  reduction.  The  Mb  —  O  —  H  in  the  presence  of  these  reagents 
readily  forms  derivatives,  among  which  are  methylene  azure  and 
methylene  violet,  the  former  being  an  oxidation  process,  and  the 
latter,  a  reduction  process.  The  reduced  body,  possibly  thionin, 
or  its  highly  oxidized  body,  thionol,  might  be  formed  partly  by  the 
interaction  of  other  derivatives.  One-half  per  cent,  filtered  eosin 
was  next  added  to  an  equal  volume  of  the  prepared  mixture.  Theo¬ 
retically,  the  weights  of  the  untreated  dyes  should  be  taken  in  the 
ratio  of  824  to  746  or  one  gram  of  eosin  to  0.92  gram  of  methyl¬ 
ene  blue,  but  on  account  of  the  free  bases  of  methylene  violet  and 
methylene  azure  not  uniting  with  eosin,  the  weight  of  the  latter 
taken  was  one  half  that  of  the  methylene  blue.  An  excess  of  either 
eosin  or  methylene  blue  must  be  avoided,  since  it  was  found  that 
not  only  the  precipitates  formed  are  soluble  in  the  excess  of  either 
reacting  body,  but  also  all  the  crystalline  material  occurring  in  the 
treated  mixture  is  likewise  soluble.  The  reaction  of  the  free  base 
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of  methylene  blue  with  eosin  is  represented  thus ;  2Mb  —  O  —  H 
+Eo.K2=Eo.Mb2+2KO — H.  Whenever  it  is  desired  to  form  eo- 
sinates  of  methylene  violet  and  methylene  azure  the  slight  alkalinity 
of  the  mixture  should  be  reduced  by  almost  neutralizing  it  with 
very  dilute  hydrochloric  acid  before  the  eosin  is  added.  There 
is  no  good  reason  for  diluting  the  reacting  bodies,  since  the  eosin- 
ates  are  less  soluble  in  neutral  salts  than  in  distilled  water.  More¬ 
over,  the  reaction  occurs  equally  well,  whether  eosin  is  added  to 
the  mixture  or  the  mixture  to  the  eosin.  It  might  appear  that  the 
dark  red  amorphous  silver  eosinate,  previously  referred  to,  might 
be  formed  as  one  of  the  products  in  the  above  manipulation.  This 
salt,  however,  could  not  be  detected  microscopically  after  an  hour’s 
treatment  of  eosin  with  silver  oxide,  and  .05  per  cent,  sodium 
bicarbonate. 

The  Use  of  Methylated  Spirits  as  a  Solvent. 

The  eosin  combinations  and  other  precipitates  which  may  be 
mingled  with  them,  after  standing  for  an  hour  or  so,  are  thrice 
filtered  and  washed  with  distilled  water  or  preferably  by  a  solu¬ 
tion  of  sodium  chloride  to  remove  any  free  alkalies  which  in  subse¬ 
quent  staining  would  injure  the  tissues  and  likewise  give  great 
prominence  to  the  basic  part  of  the  stain.  Methylated  spirits  has 
an  economic  advantage  over  pure  methyl  alcohol,  and  was  found 
better  adapted  for  the  staining  technique  which  was  employed.  It 
was,  therefore,  used  in  dissolving  the  precipitate  above  described, 
as  it  had  been  previously  employed  in  studying  the  staining  reac¬ 
tions  of  the  other  eosin  compounds,  including  those  of  thionin, 
thionolin  and  thionol.  The  stain  was  made  half  saturated  by 
adding  the  filter  and  its  contents  to  the  alcohol  and  bottling  the 
same  for  several  hours.  The  saturated  solution  thus  formed  was 
filtered  and  to  the  filtrate  was  added  an  equal  volume  of  methyl¬ 
ated  spirits. 

In  this  stain  there  are  present  at  least  seven  compounds,  the 
eosinate  of  methylene  blue,  a  small  amount  of  methylene  azure, 
considerable  methylene  violet,  the  probable  eosinates  of  thionin, 
thionolin,  and  thionol,  and,  according  to  Rosin,  some  methylene 
orange,  and  a  black  precipitate,  insoluble  in  ether. 
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Technique  and  Staining  Results. 

Modified  methods  were  employed  in  making  smears  for  testing 
the  above  stain.  Strips  of  tissue  or  cigarette  paper  having  a  width 
of  the  cover  glass  were  cut,  and  in  work  with  undiluted  blood,  one 
edge  slightly  moistened  with  physiological  salt  solution.  Over 
this  moist  edge  were  passed  two  cubic  millimeters  of  blood,  measured 
from  a  medicine  dropper  of  very  fine  bore.  The  strip  contain¬ 
ing  blood  was  then  quickly  drawn  across  the  cover  glass  at  an 
angle  of  6o°  with  the  slip.  The  smear  was  quickly  air-dried,  and 
was  then  thrice  passed  through  the  flame. 

The  manner  of  using  the  stain  is  simple.  Add  a  few  drops  to 
the  specimen;  wait  until  a  scum  forms  on  the  surface  (its  appear¬ 
ance  depending  upon  the  amount  of  the  stain  used),  after  which 
a  few  more  drops  are  momentarily  poured  on  the  smear,  so  as  to 
dissolve  any  precipitate  that  may  have  formed  among  the  corpuscles. 
Wash  with  distilled  water;  dry  thoroughly  and  mount  in  thick 
Canada  balsam.  In  staining  the  malaria  parasite  especially,  thin 
balsam  should  be  avoided,  as  the  xylol  in  it  dissolves  out  the  methyl¬ 
ene  azure  and  methylene  violet,  and  thus  mars  the  permanency  of 
the  preparation. 

The  staining  as  above  described  showed  red  corpuscles  colored 
terra  cotta  to  pink,  the  granules  of  the  polymorphous  neutrophiles 
pink,  of  the  eosinophiles  red,  those  of  the  basophiles  purple,  the 
bacteria  dark  blue  and  the  nuclei  of  the  polymorphous  cells  pale  blue, 
the  lymphocytes  deep  blue  with  a  halo  of  pale  red  sometimes  con¬ 
taining  faint  purple  granules,  and  the  platelets  pink,  while  there 
was  a  total  absence  of  the  amorphous  precipitates  so  frequently 
marring  blood  stains.  A  deeper  blue  staining  effect  may  be  secured 
when  desired  by  adding  to  the  stain  one  per  cent,  methylene  blue 
dissolved  in  methylated  spirits  previously  freed  from  acids  by 
shaking  with  calcium  hydrate. 

Where  the  stain  is  desired  for  detecting  malaria  parasites,  the 
dried  red  ether  extract  from  a  thirty-minute  specimen  can  be  dis¬ 
solved  in  methylated  spirits  and  added  to  the  original  stain. 
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SOME  THEORETICAL  CONSIDERATIONS  IN  STAINING. 

It  was  noted  that  the  extracts  of  the  mixtures  in  ether,  xylol, 
benzol,  toluol,  chloroform,  and  acetone  were  always  red.  This 
color  seemed  due  to  the  power  these  solvents  had  of  taking  up 
red  compounds  in  their  unaltered  form.  This  view  was  sustained 
by  the  mixtures  becoming  less  red  and  more  bluish  after  the  ex¬ 
tracts  were  made.  In  water,  the  dried  red  ether  extract  is  very 
slightly  soluble  with  a  blue  color  which  persists  in  an  atmosphere 
of  hydrogen  or  of  carbon  dioxide.  From  what  Heidenhain®"  has 
found  regarding  Nile  blue  base,  we  should  suspect  that  the  carbon 
dioxide  of  the  water  had  united  with  the  base  and  formed  the 
blue  colored  salt,  when  the  extract  had  been  evaporated  in  the  air. 
This  suspicion  proved  to  be  correct,  since  a  considerable  quantity 
of  the  dried  extract  gave  bubbles  of  gas  when  treated  with  hydro¬ 
chloric  acid.  When  the  same  extract  was  dissolved  in  alcohol, 
previously  treated  with  calcium  hydrate,  the  liquid  had  a  reddish 
tinge.  The  same  extract  suspended  in  water,  treated  with  dilute 
sodium  hydrate  gave  microscopically  a  reddish  precipitate  which, 
when  redissolved,  in  ether  produced  a  fiery  red  color.  All  these 
facts  point  to  the  base  or  bases  as  being  red,  and  that  the  six 
solvents  above  mentioned  dissolve  them  unchanged.  In  water  and 
in  alcohol  the  products  become  bluish  or  purplish,  because  salts 
were  formed  from  the  base  uniting  with  the  carbon  dioxide  of  the 
atmosphere  on  the  one  hand,  or  some  acid  body  in  the  alcohol  on 
the  other.  On  theoretical  grounds,  the  color  produced  could  not 
be  due  to  the  formation  of  different  ions,  since  the  colored  ions  of 
the  free  base  occurring  in  treated  methylene  blue,  would  still  remain 
the  positive  colored  ions  in  the  newly  formed  salts,  while  the  nega¬ 
tive  ions  of  these  salts  would  be  colorless.  From  this  the  con¬ 
clusion  can  be  drawn  that  the  blue  color  must  be  due  to  the  color 
of  undissociated  salts. 

The  staining  effects  already  described  in  this  paper  require  some 
explanation.  It  was  mentioned  that  the  red  corpuscles  were  some¬ 
times  stained  green  or  blue,  sometimes  red  or  brown.  Where  the 
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corpuscles  were  bluish,  the  base  of  the  methylene  blue  derivative 
united  with  an  acid  radical  of  the  cell  proteids  and  formed  a  blue 
or  green  colored  salt.  Where  a  red  color  appeared,  the  acid  radical 
of  eosin  had  united  with  the  basic  radical  of  the  proteid  and  formed 
a  blue  colored  salt.  The  nuclei  always  contained  nucleic  acid  and 
hence  were  always  able  to  form  the  blue  or  purplish  salts  with 
methylene  blue  or  its  derivatives.  Even  the  stain  itself,  was  of  a 
violet  hue,  as  a  summation  of  the  eosin  and  methylene  blue  colored 
chromogens. 

It  was  noted  that  the  staining  of  a  specimen  occurred  slowly 
when  the  evaporation  of  the  alcohol  was  prevented,  but  when  the 
alcohol  was  freely  allowed  to  volatilize,  the  characteristic  colors 
developed  quickly.  A  couple  of  tentative  experiments  were  made 
on  the  conductivity  of  the  stain,  diluted  with  distilled  water,  with 
a  view  to  possible  explanation  of  this  and  certain  other  phenomena. 
The  conductivities  of  the  solutions  examined  expressed  in  reciprocal 


ohms  at  5°  C.  multiplied  by 

10® 

are  here  given  for  two  different 

experiments. 

First  Example. 

Second  Example. 

Undiluted  stain  . 

I.S8 

Undiluted  stain  . 

i.8s 

Distilled  water  . 

0.28 

Distilled  water  . 

0.37 

Equal  parts  of  stain  and  distilled 

Equal  parts  of  stain  and  distilled 

water  . 

0.44 

water  . 

0.62 

Two  parts  of  stain  and  one  part 

dis- 

tilled  water  . 

1.07 

The  gram  equivalent  in  terms  of  sodium  chloride  was  found 
to  be  .0018,  as  calculated  from  my  chart,^^  and  hence,  would  re¬ 
quire  the  same  gram  equivalent  of  the  completely  ionized  eosinate 
of  methylene  blue  to  give  the  same  conductivity.  This  latter  value 
would  correspond  to  0.28  per  cent,  of  the  compound  dye,  and  is 
much  above  the  medium,  since  a  large  portion  of  the  conductivity 
of  the  stain  must  be  due  to  inorganic  ions.  Instead  of  the  con¬ 
ductivity  of  a  mixture  of  equal  parts  of  the  stain  and  water  being 
the  average  between  the  water  and  the  stain,  when  separately  ex¬ 
amined,  its  value  in  the  above  examples  was  only  about  half  this 
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average.  The  change  in  the  conductivities  of  the  stain  was  found 
to  be  due  to  the  formation  of  a  microscopic  precipitate. 

The  addition  of  water  to  the  stain  is  comparable  to  the  loss  of 
alcohol  by  the  evaporation  which  occurs  in  the  method  of  staining 
above  described.  The  residue  in  the  latter  case  becomes  more  and 
more  aqueous  as  the  volatilization  proceeds.  In  both  processes 
there  is  a  precipitation  of  the  dye  and  a  reduction  in  the  number 
of  ions.  The  more  rapid  staining  when  free  evaporation  is  per¬ 
mitted  may  be  due  to  the  dye  molecules  or  ions  being  more  rapidly 
brought  within  the  absorption  sphere  (0.05  fi  according  to  Quincke),, 
or  within  the  chemical  sphere  of  the  cell  elements  concerned. 

The  staining  effects  in  either  case  cannot  be  explained  according 
to  the  physical  or  solution  theory  of  Witt  and  Michaelis^^  since 
methylene  violet  and  methylene  azure  are  more  soluble  in  methyl¬ 
ated  spirits  than  in  any  of  the  solvents  studied.  It  seems  well- 
nigh  impossible  that  the  dye  molecules  or  ions  should  be  relatively 
so  soluble  in  the  cytoplasm  and  in  the  nuclei  of  the  cells  as  to  enable 
the  stain  to  be  so  condensed  in  these  cells,  as  certainly  occurs  in 
the  staining  act.  In  order  to  realize  the  truth  of  the  latter  state¬ 
ment,  one  has  only  to  examine  the  stain  microscopically  to  see 
how  weak  in  color  it  is  as  compared  with  the  same  thickness  of 
stained  material.  Moreover,  the  stain  is  largely  colloidal,  or  at 
least  diphasic^^  and,  therefore,  diffusion  would  be  too  slow  to  pro¬ 
duce  the  staining  effect  in  the  short  time  ordinarily  required  for 
the  staining  act. 


SUMMARY. 

1.  Eosinate  of  thionin  gives  very  satisfactory  staining  for  blood 
smears.  It  is  easily  prepared  and  dissolves  readily  in  methylated 
spirits. 

2.  In  the  methods  heretofore  employed  for  making  mixtures  of 
eosin  and  methylene  blue  derivatives,  the  eosinates  of  methylene 
violet  and  methylene  azure  are  present  in  very  small  quantities  or 
are  altogether  absent. 

”  Michaelis,  Pfliigcr’s  Arcliiv,  1903,  xcvii,  634. 

“  Barratt,  British  Bio-Chem.  Jour.,  1906,  i,  424. 
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3.  Thionol  and  thionin  are  probably  formed  in  methylene  blue 
which  has  been  long  boiled  with  dilute  alkalies  and  silver  oxide. 

4.  Good  stains  of  eosin  and  methylene  blue  derivatives  can  be 
obtained  by  a  variety  of  manipulations. 

5.  Methylated  spirits  is  more  economical  as  a  solvent  for  this 
stain  and  better  adapted  for  the  simple  technique  above  described 
than  is  methyl  alcohol.  There  is  some  evidence  that  the  staining 
act  is  of  a  chemical  nature. 


FEVER:  ITS  METABOLIC  CHANGES.' 


By  ISAAC  OTT,  A.M.,  M.D., 

Professor  of  Physiology  in  the  Medico-Chirurgical  College  of  Philadelphia, 

AND 

JOHN  C.  SCOTT,  M.D., 

Assistant  Demonstrator  of  Physiology  in  the  Medico-Chirurgical  College 
of  Philadelphia. 

Krehl  and  his  pupils  have  stated  that  the  material  which  is  oxi¬ 
dized  in  the  fever  generated  by  puncture  of  the  thermogenic  center 
is  different  from  that  oxidized  in  infectious  fevers.  In  neuro¬ 
genic  fever  (puncture  of  thermogenic  centers)  they  infer  that  the 
fever  is  due  to  an  increased  metabolism  of  glycogen,  while  the 
increased  metabolism  of  proteids  in  it  is  due  not  to  the  puncture 
but  to  the  high  temperature.  In  infectious  fever,  on  the  contrary, 
there  is  a  toxic  metabolism  of  the  proteids,  since  the  excitant  of 
fever  acts  upon  all  the  tissues  of  the  body  and  in  that  way  increases 
the  metabolism  of  proteids.  Hirsch  and  Roily  have  shown  in  the 
neurogenic  fever  and  the  infectious  fever  that  the  liver  has  the 
highest  temperature.  Hirsch  and  Roily  have  shown  that  in  cura- 
rized  animals  puncture  of  the  nerve  centers  causes  an  elevation  of 
the  temperature. 

Manassein  found  that  in  fever  and  in  hunger  the  amount  of 
glycogen  present  was  considerably  diminished  and  finally  com¬ 
pletely  vanished. 

Roily  determined  the  diminution  of  glycogen  in  the  liver  and  in 
the  muscles  in  neurogenic  fever  and  in  the  fever  of  infection.  Roily 
found  the  amount  of  glycogen  diminished  in  toxic  and  in  neurogenic 
fever,  in  strong  muscular  work,  and  in  fasting  of  the  animal. 

Hirsch  and  Muller  have  shown  that  as  the  liver  has  the  highest 
temperature,  in  the  liver  must  be  found  the  greater  metabolic 
changes.  The  question  then  arose,  whether  after  puncture  of  the 
thermogenic  centers  in  animals  freed  of  glycogen  there  ensued  an 
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elevation  of  temperature.  Roily  found  that  in  twenty-one  rabbits 
with  no  glycogen  in  the  muscles  or  liver,  puncture  of  the  thermogenic 
center  did  not  cause  an  elevation  of  temperature.  In  two  rabbits 
only  was  there  a  rise  of  0.4  and  of  0.2°  Fahrenheit.  To  animals 
free  of  glycogen  he  fed  simple  syrup  to  produce  glycogen  again; 
puncture  of  the  brain  then  produced  fever.  In  glycogen-free  ani¬ 
mals  the  injection  of  bacteria  (pneumococcus  and  bacterium  coli) 
produced  a  fever ;  hence  in  glycogen-free  animals  infection  generates 
fever,  but  in  the  same  animal  thermogenic  puncture  does  not. 

Roily  also  found  that  albumoses  and  peptones  do  not  generate 
fever  in  glycogen-free  animals.  One  of  us  long  ago^  proved  that 
they  generated  fever  in  animals  in  normal  condition. 

Roily  also  found  that  there  was  no  increase  (or  only  a  small 
one)  of  urinary  nitrogen  after  thermogenic  puncture  in  glycogen- 
free  animals.  Hence  Roily  supports  Krehl  and  Schultz  in  their 
theory  that  the  small  increase  of  urinary  nitrogen  after  brain  punc¬ 
ture  is  due  to  the  hyperthermia  and  is  not  a  direct  result  of  the 
puncture  of  the  thermogenic  center.  In  the  glycogen-free  animals 
not  only  does  the  thermogenic  puncture  produce  no  fever,  but  the 
increase  of  urinary  nitrogen  does  not  take  place  to  any  extent. 
Roily  believes  that  in  neurogenic  fever  the  increase  of  urinary 
nitrogen  is  due  to  the  hyperthermia  and  not  to  the  irritation  of  the 
thermogenic  nerves.  The  greater  increase  of  urinary  nitrogen  in 
fever  generated  by  bacteria  is  due  to  an  increased  destruction  of 
proteid,  produced  by  the  infection  itself.  In  infectious  fever  there 
is  from  the  beginning  an  abnormal  destruction  of  proteid. 

Hirsch,  Muller  and  Roily  hold  to  the  theory  that  in  fever  we  have 
two  parallel  processes :  ( i )  a  specific  breaking  up  of  the  proteid  by 
the  bacteria,  and  (2)  a  central  excitation  in  the  sense  of  a  neuro¬ 
genic  fever. 

Aronsohn  has  opposed  this  view.  He  believes  that  the  increased 
destruction  of  proteid  is  dependent  upon  the  nerves  and  ferments. 
The  theory  of  a  toxic  destruction  of  proteid  is  without  foundation. 
An  increased  destruction  of  proteid  ensues  according  to  him  (i) 
where  there  is  a  paucity  of  glycogen  and  fats;  (2)  in  toxic  fever 
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and  in  excessive  irritation  of  the  nerves,  and  (3)  in  cachexias.  The 
increased  destruction  of  proteid  for  Aronsohn  is  a  result  of  the 
fever-process  due  to  heightened  innervation  of  the  cells — an  irrita¬ 
tion  of  a  thermogenic  center. 

It  occurred  to  us  to  study  the  effect  of  an  agent,  beta-tetra-hydro- 
naphthylamin,  upon  glycogen-free  animals.  This  body  is  a  pure 
nervous  agent  in  the  production  of  fever.  One  of  us  has  in  another 
place®  shown  that  it  acts  only  when  the  corpus  striatum  and  tuber 
cinereum  are  present.  If  only  the  corpora  striata  are  removed,  still 
the  irritations  of  the  thermogenic  centers  in  the  tuber  are  sufficient  to 
produce  a  fever.  The  first  experiment  shows  the  effect  of  beta- 
tetra-hydro-naphthylamin  in  normal  rabbits.  The  second  experi¬ 
ment  shows  that  there  is  a  rise  after  a  transverse  section  of  the 
brain  behind  the  corpora  striata.  The  third  experiment  shows 
that  there  is  no  rise  after  section  behind  the  tuber  cinereum. 

Experiment  i. — Black  rabbit. 


Time. 

Temperature. 

2 :4S  P.  M. 

102.4°  F- 

2:50 

.05  gram  of  naphthylamin  per  jugular. 

2:55 

103. 1 

3:00 

103.4 

3  :io 

104.0 

3:2.“; 

1043 

3:3s 

104.8 

3:40 

105.0 

3:55 

105.6 

4:10 

106.2 

4:30 

106.8 

4:40 

107.I 

4:50 

107.3  -1-  4.9°  F. 

Experiment 

exposed. 

2. — Rabbit  was  etherized  and  jugular  prepared ;  brain 

4 :30  P.  M. 

101.8°  F.  Transverse  section  on  a  line  behind  the 
corpora  striata. 

4:31 

J/2  drop  of  beta-tetra-hydro-naphthyl- 
amin  per  jugular. 

4:3s 

102.2 

4:43 

102.5 

4:46 

102.8 

4:51 

102.9  -P  I  T°  F 

*Med.  Bull.,  1898,  XX,  41 1. 
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Experiment  j. — Rabbit;  transverse  section  through  the  tuber 


cmereum. 

2 :20  P.  M.  Before  section. 

101.8°  F. 

2:35  After  section. 

loi.o  .005  gram  of  naphthylamin  injected  per 

jugular. 

2:40 

lOI.I 

2:4s 

101.2 

2:55 

101.2  .055  gram  of  naphthylamin. 

3:00 

100.6 

3:05 

100.6  .010  gram  of  naphthylamin. 

3:30 

100.2 

3:50 

100.2 

4:00 

100. 1 

4:0s 

100. 1 

We  next  proceeded  to  make  rabbits  free  of  glycogen.  The  ani¬ 
mals  received  water  but  no  food  for  four  to  five  days.  They  then 
received  subcutaneously  one  cubic  centimeter  of  a  .oi  per  cent,  solu¬ 
tion  of  sulphate  of  strychnia  at  intervals  of  fifteen  minutes,  until 
spontaneous  convulsions  ensued.  These  convulsions  were  kept  up 
by  sensory  irritation  and  injections  of  strychnia.  If  the  convulsions 
could  not  be  provoked  another  injection  of  strychnia  was  made. 
This  was  kept  up  about  four  hours.  They  were  then  permitted  to 
rest  for  a  while,  when  they  received  intra-muscular  injections  of 
adrenalin.  In  some  cases  intra-muscular  injections  of  adrenalin 
were  made  before  the  use  of  strychnia.  After  a  rest  of  about 
twenty  hours  they  received  hypodermic  injections  of  naphthylamin, 
when  the  temperature  was  noted.  To  determine  the  amount  of 
glycogen  present  we  proceeded  as  follows :  The  animal  was  killed 
by  a  blow  on  the  neck.  The  liver  was  removed,  weighed  and 
quickly  thrown  into  a  boiling  (1.7  per  cent)  solution  of  potash. 
The  boiling  was  kept  up  for  about  a  half  hour,  until  the  pieces  of 
liver  were  dissolved.  A  definite  quantity  of  this  alkaline  solution 
was  neutralized  with  hydrochloric  acid,  and  the  hydrochloric  acid 
and  iodide  of  mercury  added  until  no  more  precipitate  ensued. 
This  solution  was  filtered  and  the  filter,  with  the  precipitate,  dis¬ 
solved  with  fifteen  per  cent,  solution  of  potash  and  water  and  again 
precipitated  with  hydrochloric  acid  and  iodide  of  mercury.  This 
precipitate  was  again  dissolved  in  potash  solution  and  water  and 
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the  solution  again  treated  with  hydrochloric  acid  and  iodide  of 
mercury.  All  the  filtrates  were  then  put  together  and  precipitated 
with  two  volumes  of  96  per  cent,  alcohol.  The  glycogen  now 
separated  in  flakes  and  fell  to  the  bottom.  This  solution  was  again 
filtered  and  the  glycogen  on  the  filter  washed  with  alcohol  and  ether, 
and  then  dried. 

The  muscles  of  one  half  of  the  body  after  fine  division  were 
treated  in  the  same  manner.  In  some  cases  the  liver  and  muscles 
were  combined  and  treated  by  the  above  method. 

Senator  and  Richter  have  calculated  that  a  normal  rabbit,  with 
its  heat  economy  remaining  the  same  and  of  a  weight  of  two  kilo¬ 
grams,  needs  60  calories  per  kilogram  or  120  calories  to  maintain 
its  temperature.  If  the  normal  temperature  of  the  rabbit  is  39° 
C.  and  the  air  temperature  19°  C.,  then  to  keep  the  temperature 
normal  120  calories  will  be  necessary,  an  elevation  of  temperature 
of  39°  C.  less  19°  C.  equals  20°  C.  For  a  rise  of  one  degree  centi¬ 
grade  in  the  rabbit  there  would  be  needed  six  calories  (120/20  = 
6  calories),  to  elevate  the  temperature  of  the  rabbit  2°  C.,  12 
calories.  One  gram  of  glycogen  by  combustion  yields  4.1  calories, 
so  that  three  grams  of  glycogen  would  have  to  be  oxidized  to  raise 
the  temperature  two  degrees  centigrade.  The  presence  in  the 
rabbit  of  .01  gram  of  glycogen  would  not  affect  the  conclusion 
that  a  rise  of  two  degrees  Fahrenheit  in  the  rabbit  cannot  be  as¬ 
cribed  to  the  glycogen.  The  following  experiments  show  the  rise 
of  temperature  in  animals  deprived  of  glycogen : 

Experiment  4. — Gray  female  rabbit  was  given  cabbage  diet  for 
five  days ;  no  food  for  four  days  except  water. 

7/i6/’o7. 

7:00  P.M.  Adrenalin  15  mgr.  by  intra-muscular  injection. 

10 :00  A.M.  Hypodermic  injection  i  c.c.  strych.  sulph.  (.01  per  cent). 

10:15  Same  injection. 

10:30 

10:4s 

II  :oo 

ii:iS 

II  :30 

11:4s 

12:00 


Convulsions. 
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12 :30  P.  M. 

Same  injection. 

I  :oo 

«  ii 

2:00 

U  <( 

3:00 

Injection  of  .5  c.c.  strychnine  sulphate  solution. 

4:00 

Same  injection. 

5:00 

ii  ii 

6:00 

II  II 

7:00 

ii  a 

Convulsions  continued  until  9  P.  M. 

10:00  P.  M. 

IS  mgr.  adrenalin  intra-muscular  injection. 

7/ 17! ’07. 

7:00  A.  M. 

IS  mgr.  adrenalin  intra-muscular  injection. 

Time. 

Temperature. 

3  :oo  P.  M. 

ioo.s°  F.  .01  gram  naphthylamin  hypodermically. 

3:10 

100.6 

3:20 

100.8  .01  gram  naphthylamin  hypodermically. 

3:30 

lOI.O 

3:40 

101.2 

3:50 

101.4 

4:00 

101.6 

4:10 

101.8 

4:20 

102.1 

4:30 

102.4 

4:40 

102.6 

4:50 

102.7 

5:00 

102.8 

S:io 

102.9 

5:20 

103.0 

5:30 

103.0  +  2.s°  F. 

Liver,  weight  . 

Muscles  (leg, 

Filter  .  1.41 

Glycogen  in  liver . 01 

arm  and  Precipitate  and  filter _  1.39  grams. 

side),  weight 

.00 


No  glycogen  was  found  in  the  muscles. 

Experiment  5. — Black  female  rabbit  was  given  cabbage  diet 
five  days ;  no  food  for  four  days  except  water. 


7  :oo  A.  M.  Adrenalin  15  mgr.  intra-muscularly. 

1 :00  P.M.  Injection  of  i  c.c.  strych.  sulph.  sol.  (.01  per  cent.). 
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Same  injection. 

((  « 

“  “  Twitchings. 


Spontaneous  convulsions  until  il:oo  P.  M. 


«  (( 

Injection  of  0.5  c.c.  strych.  sulph.  sol. 
Same  injection. 

tt  (t 

a 

Adrenalin  15  mgr.  intra-muscularly. 


1:15 

1 :30 

1:4s 

2:00 

2:15 

2:30 

2:4s 
3:00 
3:30 
4:00 
4:30 
5:30 
6:30 
7:30 
8:30 
II  :oo 
7/23/’o7. 

7  :oo  A.  M. 


Time.  Temperature. 


4  :oo  P.  M. 

102.4°  F. 

4:10 

102.5 

4:20 

102.6 

4:30 

102.8 

4:40 

103.0 

4:50 

103.2 

5:00 

103-5 

S:io 

103.7 

5:20 

103.9 

5:30 

104.1 

5:40 

104.2 

5:50 

104.3 

6:00 

104.4 

6:10 

I04-S 

6:20 

104.S 

Liver,  weight  . 

- 43.0  grams. 

Muscles  (leg,  arm 

and 

side),  weight  .... 

- 92.0  grams. 

(I 

.01  gram  naphthylamin  hypodermically. 
.01  gram  naphthylamin  hypodermically. 


+  2.1®  F. 


Precipitate  and  filter  . . 

.  1.31  grams. 

Filter . 

.  1.30 

Liver  glycogen . 

.  .01 

Precipitate  and  filter  . . 

.  1.27  grams. 

Filter  . 

.  1.27 

.00 

No  glycogen  was  found  in  the  muscles. 

Experbnent  6. — Brown  rabbit  was  given  cabbage  diet  for  five 
days;  no  food  for  four  days  except  water. 
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7:00  A.M.  Adrenalin  15  mgr.  hypodermically. 


10:00 

Hypodermic  injection  of  i  c.c.  strych.  sulph.  solution. 

io:is 

Same  injection. 

10 :30 

10:45 

“  “  Twitchings. 

II  :oo 

“  « 

ii:iS 

«  it 

II  :30 

t(  « 

11:4s 

a  it 

12:00 

a  ti 

12 :3o  P.  M. 

“  “ 

I  :oo 

“  “  Spontaneous  convulsions  continued  up  to 

8:00  P.  M. 

1 :30 

«  (( 

2:30 

Injection  of  s  c.c.  strych.  sulph.  sol. 

3:00 

Same  injection. 

3:30 

U  (( 

4:30 

a  n 

5:30 

it  « 

8:00 

7/ io/’o7. 

Adrenalin  10  gtt. 

8  :oo  A.  M. 

“  IS  “ 

Time. 

Temperature. 

I  :oo  P.  M. 

102.0°  F.  .01  gram  naphthylamin  hypodermically. 

I  :io 

102. 1 

1 :2o 

102.2  .01  gram  naphthylamin  hypodermically. 

1 :30 

102.4 

1 :40 

102.6 

1 :50 

102.8 

2:00 

103.0 

2:10 

103.2 

2:20 

103.3 

2:30 

103.5 

2:40 

103.6 

2:50 

103.8 

3:00 

103.9 

3:10 

104.0 

3:20 

1 04. 1 

3:30 

104. 1 

3:40 

104.1  +  2.1°  F. 

Liver,  weight  . 

.  46.0  grams.  Precipitate  and  filter _  1.35  grams. 

Muscles  (leg, 

arm  and  Filter  .  1.34 

side),  weight 

143.5 

i 
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Experiment  7. — Black  rabbit  was  given  cabbage  diet  for  five 
days;  no  food  for  four  days  except  water. 

7  :oo  A.  M.  Adrenalin  15  mgr. 

12:00  Hypodermically  i  c.c.  strych.  sulph.  sol.  (.01  per  cent). 

12:15  P.M.  Same  injection. 

12:30 

12:45  “  “  Twitchings. 

I  :oo 
i:iS 
1 :30 

1:45 
2:00 
2:30 
3:00 
5:00 
6  :oo 
7:00 
8:00 
9:00 
II  :oo 
7/io/’o7. 

7:00  A.M.  “  15 


Spontaneous  convulsions  to  9:00  P.  M. 


Injection  of  .5  c.c.  strych.  sulph.  sol. 
Same  injection. 


Adrenalin  10  mgr.  hypodermically. 


Time. 

2 :25  P.  M. 

2:3s 

2:45 

2:5s 

3:05 

3:1s 

3:25 

3:3s 

3:4s 

3:5s 

4:0s 

4:1s 

4:2s 

4:35 


Temperature. 

102.8°  F.  .01  gram  naphthylamin  hypodermically. 
103.0 

103.2  .01  gram  naphthylamin  hypodermically. 

103.6 
104.0 

104.2 

104.4 

104.5 

104.7 

104.8 
105.0 

105.I 

105.1 

105.1 


+  2.3°  F. 

Precipitate  and  filter  ....  1.33  grams. 
Filter .  1.33 


Liver,  weight  .  56.0  grams. 

Muscles  (leg,  arm  and 

side),  weight  . 98.5  grams.  .00 

154.5 

We  performed  twenty  experiments.  We  did  not  find  it  an  easy 
matter  to  free  the  animals  completely  of  glycogen;  but  we  had 
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some  completely  freed  of  it.  We  have  given  some  examples  of 
our  results.  They  showed  that  beta-tetra-hydro-naphthylamin  will 
produce  fever  in  a  glycogen-free  animal.  The  fever  here  must 
be  due  to  a  using  up  of  the  proteid.  The  metabolism  of  the  pro- 
teid  is  set  into  activity  by  the  stimulation  of  the  thermogenic  centers 
in  the  corpus  striatum  and  the  tuber  cinereum,  for  the  removal  of 
these  centers  prevents  the  naphthylamin  from  causing  a  rise  of 
temperature. 

That  puncture  will  not  cause  any  rise  of  temperature  in  a  rabbit 
free  of  glycogen  is  probably  due  to  a  weak  stimulation  of  the 
thermogenic  centers.  Naphthylamin  is  a  much  more  powerful 
stimulant  and  is  like  the  poisons  of  infectious  fevers.  Albumoses 
and  peptones  are  also  probably  too  weak  as  stimulants  to  the  ther¬ 
mogenic  centers  in  a  glycogen-free  rabbit.  Here  the  naphthylamin 
stimulates  the  nerve  centers,  which  cannot  act  on  glycogen,  but 
acts  upon  the  proteid  initiating  changes  in  it.  These  facts  do  not 
support  the  views  of  Krehl  and  Roily  that  puncture  of  the  brain 
acts  only  on  glycogen,  while  the  infectious  fevers  produce  a  toxic 
metabolism  of  proteid. 

Nearly  all  observers  agree  that  in  fever  there  is  an  increased 
proteid  metabolism,  but  no  increased  fat  metabolism  except  such 
as  may  result  from  inanition  in  the  individual.  There  is  every 
reason  to  believe  that  with  both  puncture  of  the  thermogenic  centers 
and  with  the  infectious  fevers,  fever  is  produced  by  an  action  on 
the  thermogenic  centers.  As  Aronsohn  has  contended,  there  is 
no  toxic  destruction  of  proteid  except  through  the  trophic  nerves 
of  the  thermogenic  centers.  The  intra-cellular  ferments  also  have 
a  share  in  the  metabolic  changes  of  fever. 
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necrosis :  nitrogenous  metabolism, 
552 

Pearce,  Richard  M.  See  Jackson 
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Typhoid  abscess,  calcification  with,  i 

U  RETER,  atresia  of,  71,  82 
Uricolysis,  312 

WASCULAR  lesions  produced  by 
"  Bacillus  mallei,  241 
Venom  activators,  436 
Venoms  and  antivenins,  18 


WELLS,  H.  Gideon.  The  chem¬ 
istry  of  the  liver  in  acute  yellow 
atrophy,  627 

White,  Percival  G.  See  Duval  and 
White,  352 

Williams,  W.  W.  See  Sollmann, 
Williams  and  Briggs,  71 
Wilson,  Thomas  M.  On  the  chem¬ 
istry  and  staining  properties  of  cer¬ 
tain  derivatives  of  the  methylene 
blue  group  when  combined  with 
eosin,  645 

WoLLSTEiN,  Martha.  Biological  re¬ 
lationships  of  Diplococcus  intra- 
cellularis  and  gonococcus,  588 


X 


-Ray,  treatment  of  leukaemia  with, 

51 


> 


.•I 


